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Abstract

This study examines the spatial impact various socio-demographic and housing factors
might have in the foreclosure lis pendens rate within various Hillsborough County, Florida tracts
as well as comparing those results with past research. Hopefully the techniques used in this
study can be implemented elsewhere in order to better study the foreclosure crisis. The
methods used within this research were chosen carefully in order to best understand what is
being observed. One method is OLS regression which helps see the impact of each variable
and if that impact has a negative or positive effect on the rate of foreclosure. Bivariate Maps
were created to spatially examine each variable when compared to the foreclosure rate as well
as Effect plots from regression in order to see how the true relationship of a variable affects the
foreclosure rate.
The information yielded for this study had similar results to past research in looking at
the effect foreclosures have spatially and confirmed that those in the minority tend to have a
greater chance of going into foreclosure and/or being victims of predatory lenders. Indeed, for
these minorities the primary factors that lead to being victims of predatory lending are: (i) lower
income levels than their white counterparts; (ii) level of education, and (iii) the high cost of the
mortgages that they received. Other noticeable factors were homes that were built after the year
2000 tend to have a higher foreclosure rate due to the fact that they have higher median house
values and low Homestead Exemption rates.

ix

These methods help to explain the social demographics that are at work when studying
foreclosures. Repeating this study for others areas in the future such as a more diverse county
like Miami-Dade, Florida could help determine if these results are common county to county
and, of course, future studies could add new variables and new methods to better explain the
results. This study will explain the financial risk a family takes when purchasing a home and
also how to best focus resources for helping families through a foreclosure, as well as informing
banks on how to better determine loan rates and avoid bad lending practices.

x

Introduction
While home ownership has always been a big part of living “The American Dream,” the
recent mortgage crisis that occurred in the US has unfortunately turned that dream into a
nightmare for many people.. Changes in federal legislation that affected the mortgage lending
practices of financial institutions helped fuel a

housing boom and led to sharp housing price

increases, especially in certain states, such as Florida, Nevada, and California. The subsequent
collapse of the housing market then disproportionately affected these States as homeowners
experienced sharp price declines leading to negative equity. Some states, such as Florida and
California, have suffered more than others according to Realtytrac. For the past five years the
number of foreclosures in this country has been at record highs and has helped contribute to
one of the worst recessions in this country's history according to Realtytrac.
The housing market is, of course, an integral part of our nation’s economy and the
consequences of so many foreclosures has had a serious impact on every American’s life,
either directly or indirectly. Studying the causes and effects of foreclosures has, therefore, never
been more important. The better we understand the issues that have led to the sharp increase
in foreclosures, the better equipped we will be to prevent them in the future. This is why I intend
to look at this problem in a large population, metropolitan county within a badly affected state
(Hillsborough County, Florida) to better understand the factors that might explain how, why, and
where foreclosures occurred. My research can bring a unique perspective to the issue through
the use of various geographical analysis methods. My efforts will be focused on those areas of
the foreclosure crisis that geography can best explain. Geography has the ability to examine a
problem spatially, which can show how one event can affect another event across space and,
1

indeed, foreclosures are one problem that can be studied in this manner. For example,
geography can help locate clusters of high foreclosures or areas of low foreclosures. We can
look at the effects of different variables on these clusters and see which particular variables are
more important than others. Computer programs such as GeoDa, "R", and ESRI ArcGIS give
researchers the ability to study problems in a different manner than basic economic methods.
There are many questions to be answered with respect to the foreclosure crisis. Was a home
too expensive for the potential buyers? Was the income of families or individuals too low? Does
race play a role in the incidence of foreclosures? What other variables cause a high rate of
foreclosure? These are all questions that can hopefully be adequately addressed in order to
better our understanding of this issue and to then potentially lead to appropriate changes to
applicable local, state, and federal laws and regulations.

2

Literature Review
The literature on foreclosures touches on many different areas within geography . The
research I am interested in is that which examines how spatial variation in foreclosure rates may
be related to the social characteristics of those areal units used for analysis. As previous
research in this field has shown, many demographic variables, such as income, race, level of
education, and age of the housing stock, are all crucial factors that may determine whether a
foreclosure will occur.

Foreclosure and Race
Prior research has shown that the race of a household can affect the risk of foreclosure.
For example, Lanzerotti (2006), examined the three California counties of Alameda, Fresno, and
Riverside, and noticed that in areas with a higher concentration of African Americans and
Hispanics more subprime mortgages and notices of default occurred compared to other
neighborhoods with high concentrations of Whites. Similarly, Leonard and Murdoch (2009)
noticed a correlation between African American or Hispanic homeowners with regard to
incidents of foreclosure. In their regression-based analysis they showed that African Americans
and Hispanics were more likely to have a foreclosure than their white counterparts and, in
addition, African Americans were twice as likely to experience a foreclosure compared to
Hispanics. Laderman and Reid (2008) found that African American borrowers were 3.3 times as
likely as white borrowers to be in foreclosure, whereas Latino and Asian borrowers were
respectively 2.5 and 1.6 times more likely to be in foreclosure as White borrowers. Duda et al.
3

(2005) looked at the spatial distribution of foreclosures. The authors examined twelve Atlanta
counties from January 2000 through March 2005 and found that most "hot spots" of
foreclosures were associated with areas of high minority populations. Another study by Mueller
et al. (2006) examined six counties in Texas between 2004 and 2006 with high foreclosure rates
and found that five if the six had high minority populations. Ballentine et al. (2009) analyzed
various spatial clusters of foreclosures within Austin, Texas and compared those clusters with
spatial population clusters of minorities. Their data revealed a clear geographic association
between the two types of clusters. Working in Cleveland, Ohio, Kobie and Lee (2010) revealed
that minorities were not only at an increased risk of foreclosure, but their foreclosed homes
would sell at a much lower price than those foreclosed homes of non-minorities. Finally, a study
by Schintler et al. (2010) showed that in an area of New England foreclosures grew more rapidly
over time in areas of African American and Hispanic homeowners than did the incidence of
foreclosures for non-minorities. Again, they showed these areas becoming "hot spots" for
foreclosure activity compared to areas with non-minority populations.
Another revealing article on the issue of race and foreclosure titled "Foreclosures by
Race and Ethnicity: The Demographics of a Crisis" by Bocian, Li, and Ernst (2010) closely
examined the role race played in the foreclosure crisis. They concluded that 56% of the
households that lost their home due to foreclosure were non-Hispanic and White, but Blacks
and Hispanic families were disproportionately affected relative to their share of mortgage
originations. Among African American and Hispanic homeowners the rate at which mortgage
originations turned into foreclosures was nearly 8% compared to Whites at 4.5%. This was after
controlling for income between the different demographic groups. The authors go on to show
that one possible reason that African Americans and Hispanics are at a greater risk of
foreclosure is because of the types of loans they received. Many received subprime loans even
if they could have received conventional prime loans with far better terms. African American and
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Hispanic borrowers were approximately 30% more likely to get higher-rate subprime loans than
White borrowers with similar risk characteristics.
An interesting study by Allen (2011) focused on the likelihood of a foreclosure occurring
for a household with children enrolled in Minneapolis Public Schools after controlling for
household, housing, neighborhood, and loan characteristics. Allen’s research showed that
minorities are at a greater risk of foreclosure mostly due to their lower income. Allen, like
Bocian, Li, and Ernst (2010), found that loan characteristics were the most important predictor of
foreclosure. This could be due to predatory lending practices or a higher percentage of
subprime mortgages being offered to Minorities than to Whites, similar to what was found by
Lanzerotti (2006). He was able to look at the household income by way of those students who
received free lunches from the public school system. He concluded that a household with a
native-born minority has a 13% higher chance of experiencing a foreclosure when compared to
an otherwise similar White household. The results of this particular article had two major
findings. Allen wrote the following:
First, among native-born households, Minority households are
significantly more likely than White households to experience a
foreclosure for both home purchase and refinance loans, even
after controlling for a variety of other potentially confounding
characteristics, such as economic deprivation, housing quality,
and mortgage terms. This finding mirrors previous research
findings that indicate a persistent disparity between Minority
households and White households in experiencing foreclosures in
several cities across the United States. Second, foreign-born
Hispanic households were more or less likely than native-born
White households to experience a foreclosure, depending upon
whether they had a refinanced mortgage (less likely) or a home
5

purchase mortgage (more likely). This finding could be explained
by unobservable characteristics or large household sizes among
foreign-born Hispanic households with refinanced mortgages.

Clearly, data shows that race is an important variable when studying foreclosures.

Foreclosures and Income
Another factor that has been associated with the risk of foreclosure is a
household’s income. Wardrip and Pelletiere (2008a, b) found that in New England the
foreclosure rate was disproportionately high in neighborhoods with high levels of poverty
Ballentine et al. (2009) also found that one cause of high levels of foreclosures in areas of
Austin, Texas was due to incomes below the poverty level. The Ballentine study does, however,
mentioned that there is some difficulty in interpreting the results due to a high student population
in that area. Students tend to have lower incomes, but do have access to other sources of
income such as student loans and family support. The authors then assume that it is hard to
make a good correlation between the foreclosure problem and census-identified poverty. The
paper by Bocian et al. (2010) also showed a relationship between race and poverty regarding
foreclosures. They also discussed the cost of a foreclosure on families and the effects on those
families with lower incomes, notably mobility. These costs can be particularly devastating to
African-American and Latino families who already lag behind their White counterparts in terms
of income, wealth, and level of education. Allen (2011) studied foreclosures in Minneapolis,
Minnesota and looked at income in a different way than previous researchers. He examined
those who received free meals at schools to determine if a family was below the poverty level.
Parents apply for these means-tested free or reduced-price meal programs at schools funded
by the federal government. Students living in a household at or below 130% of the federal
6

poverty level qualify for free meals, while those living in a household between 130 and 185% of
the federal poverty level qualify for the reduced-price meals. Homes with above 185% of the
federal poverty level do not qualify for either the free or reduced lunches. Allen noticed that
those families where students received free meals were associated with an increase of 22% in
the probability of experiencing a foreclosure compared to households receiving neither free nor
reduced lunches. Allen’s research showed that a family's income has a critical impact on that
family's risk of foreclosure.
In addition to the actual income of a family, the financial burden of a foreclosure can be
enormous for both the family and their community. Bocian (2010) showed that areas with high
foreclosure rates lose tax revenue for those communities as property taxes go unpaid. Also, the
homes located near foreclosed or abandoned properties can lose equity causing other financial
problems for the community as a whole. Kingsley et al. (2009) noted that when a family loses its
home it also loses the valuable asset of accumulated equity and tax advantages. The family's
problems are further compounded by the loss in credit rating which restricts its members from
getting new loans for another home. Kingsley et al. found that in the mid-1990's the Family
Housing Fund in Minneapolis estimated that the average family lost $7,200 from having gone
through the foreclosure process. The authors also noticed that the states with the highest
foreclosure rates (Nevada, Florida, Arizona, and California) also saw an increase in food stamp
caseloads of approximately 20% in 2008. Kingsley et al. go on to show that many families end
up filing for bankruptcy and have to start over.
Drennon et al. (2010) showed a relationship between a family's income and the type of
loan they received. Between 1990 and 1999, the number of subprime mortgages grew rapidly
and were primarily given to individuals with poor credit scores that were considered "risky".
From 2000-2004 the number of subprime mortgages continued to grow beyond just individuals
with low credit scores to those with higher credit scores but for loans that were much higher
7

than they normally would receive. Bocian et al. (2010) also pointed to subprime lending among
lower income families receiving introductory "teaser" rates that adjust after a few years to a
much higher rate. They point out that these types of loans (adjustable rate mortgages) were
made on the basis of weak underwriting and distributed without regard to whether they were
suitable for the borrowers. They go on to examine the effect unemployment rates had on the
foreclosure crisis and state that while some observers blamed the high unemployment rate for
the foreclosure crisis they can find no direct correlation. To support this view they point to a
chart of historic trends comparing periods of high job loss with foreclosures and assert that the
connection between high job loss and foreclosures is weak, since during past periods of
unemployment the foreclosure rates stayed flat. This shows that even though the current high
rate of unemployment has exacerbated the foreclosure crisis it has not necessarily been a
leading factor. Of course, the current high rate of unemployment and the foreclosure crisis are
somewhat related. The epidemic failure of subprime loans and the ensuing crash of the financial
derivatives market backed by such “toxic” loans triggered turmoil in the housing and financial
markets that the country has yet to fully recover from. Many have lost their jobs and might also
be facing extreme negative equity in their homes. This loss of income and rise in mortgage
payments would, of course, make it very difficult for families to avoid foreclosure. Since the
housing market crashed many homeowners could not sell their homes to avoid foreclosure and
many observers feel that subprime mortgages played an enormous role in the foreclosure crisis.
(Drennon et al.(2010), Ballentin et al. (2009), Allen (2011)). While a family’s savings can help
insulate them from a loss of equity in their home or from an eventual foreclosure, an unexpected
drastic increase in a mortgage bill and a concomitant loss of employment can indeed quickly
turn a middle class family who would otherwise be able to make ends meet into one living below
the poverty level.

8

Foreclosure and Other Factors
There are other variables that can affect a family’s risk of experiencing a foreclosure.
Some of these variables include the age of the owners, education levels, and age of the housing
stock. Many of these are secondary variables within foreclosure research studies and are often
less discussed. In addition to race and income, Allen (2011) looked at the year a home was built
and if the owner of the household had graduated from high school. The author’s data showed a
reduced risk of foreclosure for those with a high school degree, but only marginally with a 1.4%
reduction in the risk of foreclosure. Allen also noticed a marginal increase of about 1.2% in the
risk of foreclosure for newer homes. Ballentine (2009) showed that an overwhelming majority of
foreclosed homes were constructed after 1970 and of those homes more than a third were
constructed after 2000. They go on to recommend that new construction and new developments
should be a target for foreclosure prevention services. Ballentine et al. also looked at the
median age of the homeowners of foreclosed homes. When looking at the city of Austin, Texas
where the younger households tend to locate in the southwest corner of the city and the older
households in the rural western part of the city they noticed that foreclosures tended to occur
more often in areas where the median age was below the average age. Schintler et al. (2010)
also found that the most affected foreclosure neighborhoods are inhabited by younger African
American and Hispanic families over the last decade. Kobie and Lee (2010) also showed that
younger homeowners tended to be at a greater risk of foreclosure. They studied the area in and
around Cleveland, Ohio and discovered that the risk for foreclosure of younger homeowners is
greatest in the suburban area of Cleveland. Even though Kobie and Lee do not address the age
of the homes, their studies suggest that the highest rate of foreclosures are found in the
suburban areas of Cleveland, which tend to have newer homes. Many of these findings could
possibly be due to recent developments similar to what was found by Ballentine et al. (2009),
but some remain adamant that older homes found in older parts of the city have lower housing
9

prices and are more affordable than newer constructed homes. This was also the case in
Columbus, Ohio where Mikelbank (2008) looked at the effects of foreclosure on homes. They
found similar pricing when it came to older homes compared to newer homes. Malkova (2008)
showed a correlation between foreclosures and those individuals with college educations. Their
maps showed that areas with low foreclosure rates had a high levels of college graduates. Level
of education clearly has an impact on income which could explain why those individuals who
have college degrees are at a lower risk of foreclosure. A similar map on income mirrors that of
education level.

GIS and Foreclosure Studies
Geography views foreclosure in a different manner than just a local impact at one
location. With geography we can approach the study of foreclosures with a spatial view which
allows us to examine the impact from home to home, census tract to census tract. Leonard and
Murdoch’s (2009) research revealed that the value of one home can negatively affect the value
of surrounding homes if a property is foreclosed upon and degrades in quality. This is similar to
the way Drennon et al. (2010) and Can (1998) discussed negative equity in neighboring homes
due to foreclosures in the same neighborhood. Both researchers used Geographic Information
Systems (GIS) to organize their data and to complete their analysis. The use of maps for visual
analysis is also a useful tool to give scope to other non-specialists on the scale of the
foreclosure crisis. Dalton et al. (2008) are able to show how the mortgage foreclosure crisis is
affecting millions of Americans through the use of maps. The authors go on to discuss how local
communities, through the use of GIS, have the ability to influence the various causal factors of
foreclosure. Can (1998) wrote an article about the usefulness of GIS as a method in researching
the housing and mortgage market. The ability of GIS to use data from many different sources
combined with its powerful spatial querying and overlay capabilities make it ideal for studying
10

foreclosures. GIS enables the researcher to organize, visualize, and analyze data on a map.
Also GIS provides analytical support for spatial data analysis by allowing geographers to gain
valuable information on spatial relationships. Maps also make it easier to communicate research
to others in an uncomplicated format. Ghose and Huxhold (2002) showed how GIS can be used
by inner-city communities to develop effective planning strategies and urban policies in order to
deal with neighborhood foreclosures. This is yet another effective way geographical tools are
being used to understand and solve the foreclosure problem. Mikelbank (2008) use GIS to
create distance bands around vacant and foreclosed homes in order to study the spatial impact
on housing values. Ballentine et al. (2009) also used GIS to look at the foreclosure problem in
Austin, Texas. The authors used GIS maps to show areas with high foreclosure rates. Schintler
et al. (2010) used GeoDa to create Local Indicators of Spatial Association (LISA) maps to look
at neighborhood foreclosures. The authors used these LISA maps to locate "hot" and "cold"
spot clusters of neighborhood foreclosures allowing the geographer to locate areas in need of
foreclosure intervention. Indeed, geographers undoubtedly have a very useful skill set when it
comes to understanding the foreclosure problem. We are able to give policymakers accurate
and easy to understand visual representations of particular communities in order to assist them
when they enact laws designed to solve widespread foreclosure problems.

11

Research Questions

1) To what extent can the spatial variation in foreclosure rates across the census tracts of
Hillsborough County in 2008 be explained by a combination of socio-demographic factors,
housing stock factors, and financial factors, and what is the relative importance of these
different factors in accounting for this spatial variation.

2) To what extent does the answer to research question 1 show consistency with other studies
in terms of the relative importance of different factors in explaining the spatial variation in rates
of foreclosure.

12

Study Area, Data, and Methods
Study Area
Florida was one of the hardest hit states for foreclosures in the country. At the end of
2008, 41% of all foreclosures in the United States were in California and Florida. As of April
2014, Florida had 1 in 400 housing units go into foreclosure, which leads the country in
foreclosures according to Realtytrac. Nationwide 1 in 1137 housing units were in foreclosure.
My research will investigate one of the hardest hit counties within the State of Florida Hillsborough County, located in the west central part of the state. Hillsborough County had one
of the higher foreclosure rates in 2008 with 1 in 383 homes going into foreclosure. This county
contains the large metropolitan area of Tampa, which is located in the southern part of the
county (See Figure 1). The total population of Hillsborough County based on the 2010 census
was 1.2 million residents with 53 percent being of White race, 17.4 percent of Black race, 3.8
percent Asian, and 25.6 percent Hispanic. According to Realtytrac, the home ownership rate is
62.4 percent, the median value of owner-occupied housing unit is $185,900, the median
household income is $50,195, and the percentage of residents below the federal poverty level
averaged 15 percent between 2007-2011.

13

Figure 1: Location of Study Area within the State of Florida showing neighborhoods within the
County.

Data
The data variables that will be used for this study have been collected from several
sources.(See Table 1 below) The variables have been selected based on past research or, the
case of “Homestead Exemption” because it represents a somewhat unique Florida property tax
related measure that may affect foreclosure and have been shown to have a strong relationship
in the area of foreclosures.

14

Table 1: Data Sources and Variables.

Data Sources

Variables

Census 2010



Population of Black Race



Population of Hispanic Race



Estimated Median Household Income



Housing Units Owner Occupied



Percentage of population over 25 with
a Bachelors Degree or higher.



Residential Parcels Not Built



Residential Parcels Built After 2000



Parcels with Homestead Exemption



Median Value of Built Parcels

Foreclosure Daily Foreclosure Data



Foreclosure Rate

Housing Mortgages Disclosure Act (HMDA)



Mortgages which were High Cost

Cadastral Parcel Data

Table 2 is a list of the variables that will be used for the OLS regression showing which will be
the dependent and independent. The dependent variable in the data will be the foreclosure lis
pendens rate. This variable is based off of foreclosure Lis Pendens filings only. It does not take
into account whether a home finally did go into foreclosure, whether the foreclosure was
rescinded, or whether the foreclosure was solved in some other way. Lis pendens is a suit filed
with the court to let the property owner know its property ownership is in question.
The first independent variables examined is whether the race of an individual would
impact the chances of experiencing a foreclosure.
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Table 2: Regression Dependent and Independent Variables.

Dependent Variable
Foreclosure Rate for each tract.

Independent Variables
Population of Black Race
Population of Hispanic/Latino ethnicity
Estimated median household income
Housing units Owner Occupied
Percentage of population older than 25 with a Bachelors Degree or higher. (Education)
Mortgages which were high cost
Residential parcels not built
Residential parcels built on after 2000
Parcels with homestead exemption
Median value of built parcels

These two variables will be the proportion of the Black population and the proportion of the
Hispanic/Latino population. Then there is the estimated median household income for each
tract, which will help in determining if the income of a family affects foreclosure. The next
variable is the proportion of parcels that are owner occupied. Does the percentage of owner
occupied households affect the foreclosure within a census tract? The next variable is the
percentage of the population older than 25 with a Bachelors Degree or higher. This variable will
help explain how education level affects foreclosure rates. The proportion of mortgages which
were obtained at a higher cost than the estimated value of the home is the next variable in the
model. Parcels that have yet to be developed and are not yet built on is the next variable. This
variable takes into account parcels that do not have a home constructed and, therefore, is
unable to go into foreclosure. This variable is included due to the fact the foreclosure rate is
calculated based of the number of parcels and number of foreclosures. The next variable is the
proportion of homes built after the year 2000. This variable is included to test if a newer home is
at a greater risk than older established homes. The proportion of parcels with homestead
exemption is the next variable. Homestead exemptions are a type of property tax relief. They
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are allowed for homeowners who use their home as their primary residence. These exemptions
reduce the assessed value of the home on which annual property tax bills are based and
consequently those homeowners with this exemption will pay less in property taxes than those
without the exemption in place. The last variable is the median value of the built parcels for each
tract. Knowing the cost of the built parcel will give insight into decisions made when purchasing
a home based on price.

Methods
Data Transformations
Variables will be investigated to determine if they are normally distributed and for those
variables that are not normally distributed they will be transformed using one of the methods
explained below. Variables which are more normally distributed enhance the integrity of the
regression model approach that will be followed in this study.
When transforming variables which are percentages, proportions, or probabilities there
are two common methods that are used. Arcsine transformation and logit transformation. These
transformations are performed when you have values between 0 and 1 (percentages are
divided by 100) and where a high proportion of the observations are near 0 or 1. The
transformation distributes the data better and moves the values closer to the value .5. The
arcsine transformation equals the inverse sine of the square root of the proportion or:

where p is the proportion and Y is the result of the transformation. The logit transformation, also
known as the logarithm of the odds, is used mostly for logistic regression and for fitting linear
models to categorical data. The formula for a logit transformation is:
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.

It is noteworthy to understand that logit is undefined when

or

.

Other transformations often used for normalizing variables are square root
transformations, log transformations, and power transformations. The equation for square root
transformation is:
, but other statisticians prefer:

.

The second is preferred when the data has one or more zeros. This transformation is used
when dealing with counts and other measurements. The Log transformation's simple equation
is:

Since x might be equal to the value zero the following equation is more widely used:
.
A base could also be used for the logarithm, such as base 10 which for each difference of 1 it
would show a 10-fold increase or decrease. It would be represented as b in the equation:
.
Also note that b must be positive and

. Log transformations can be used for a wide range

of data. The power transformation can also be referred to as the Box-Cox transform (Box and
Cox,1964). Power transformations create a rank-preserving transformation of data using power
functions. This is used to stabilize variance and make the data more normally distributed. The
equation for this transformation is:
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,

or

,

.

Now c in the equation is just an arbitrary number in order to ensure all values are greater than 0
and the

in the equation is whatever value that transforms the data closest to normality.

Exploring Variables
ArcGIS will be used to display and explore the variables further with the use of maps.
Exploratory data analysis of the bivariate correlations between each of the independent
variables and the dependent variable foreclosure outcomes will be conducted along with the
investigation of spatial autocorrelation in all the variables. The bivariate maps will show areas
with high and low values for each variable and its relationship with the high and low values of
the foreclosure rate. Scatter Plots will then be produced for each variable using GeoDa and
investigated for outliers and patterns. Histograms will then be produced for each variable to
determine if the data is ready for OLS regression. Variables that show an unnatural bell curve
will be transformed to produce better results. The transformed variables histograms will then be
compared to the original histograms to display the change in distribution.

OLS Regression
Research questions 1 and 2 will be addressed using a OLS regression methodology,
implemented using GeoDa, a free statistical software application for use in spatial data analysis,
geovisualization, spatial autocorrelation and spatial modeling. GeoDA has the ability to do
spatial analysis, multivariate exploratory data analysis, and global and local spatial
autocorrelation. "R" an open source statistical package will be used for exploring models,
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outliers in the data, and effect plots for variable results. Ordinary least squares (OLS) regression
will be conducted following best practices that investigate all the assumptions of OLS such as
heteroskedasticity, multi-collinearity. Regression diagnostics using diagnostic plots from the
“car” package in R will be used to detect observations which are outliers and/or exert high
influence (leverage) on the regression coefficients. These plots will include plots of studentized
residuals along with Bonferroni tests for testing whether outlying observations are significantly
extreme, as well as plots of hat-values (measuring leverage), and Cook’s Distance. The latter is
a statistic calculated as a combination of “outlying-ness” and leverage. Standard thresholds for
identifying outliers and high leverage will be followed but any observations which become
candidates for removal from the analysis will also be reviewed substantively as to their
characteristics before removal.
The regression analysis will be conducted at census tract level for Hillsborough County.
The model format used for OLS is as follows:
Y = ß0 + ß1X1 + ß2X2 + ß3X3+…… + ê.
The residuals (ê) from the OLS regression models will be mapped and tested for spatial
autocorrelation. ArcGIS will be used to produce the residual maps of classic and spatial
regression if needed. It is expected that the residuals will indeed be spatially correlated and so
the analysis will move on to use spatial regression models. The Moran's I and the Lagrange
Multiplier test will be run to determine if there is a need to run a lag model or an error model.

Spatial Regression
Spatial regression analyses will be conducted if the Moran's I test shows a significant
problem with spatial autocorrelation. The Lagrange Multiplier test will then be run to determine
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which spatial regression will need to be run. This will be done since we are dealing with area
data where one tract might have an impact on another tract. Rook and Queen weights will be
analyzed to determine which weights will produce the best results. Running spatial regression
analysis in GeoDa requires that weights be set up for the regression. Tracts will be used in
Hillsborough County and the size of each tract varies greatly. Due to this size difference a
distance based weight would not work since some tracts would have no neighbors and others
might have too many. Fortunately, GeoDa also lets us construct contiguity-based weights,
where the neighbor is defined based on who it shares a common boundary. Rook contiguity can
be seen in Figure 2, were it includes neighbors in a north\south and east\west fashion. In the
example in Figure 2 we can see area 5's nearest neighbors will be areas 2, 4, 6, and 8.

Figure 2: Diagram on how Rook weights are gathered.

21

Queen contiguity on the other hand selects all neighbors that share a common boundary or
point. As seen in Figure 3 all the surrounding areas that share a boundary or corner point with
area 5 will be defined as neighbors and used in the weights file.

Figure 3: Diagram on how Queen weights are gathered.

After creating weights it can be important to look at a Connectivity Histogram. The histograms
will be produced for both the Rook and Queen weights to ensure no tracts show signs of any
islands, unconnected features with no neighbors, or a bimodal distribution. Then once the
weights are determined a spatial regression will be conducted in GeoDa using best practices.
The spatial regression residuals will then be mapped to ensure no spatial autocorrelation
persists. Finally, effects plots of the regression results will be explored to interpret the effect
each variable had on the foreclosure rate.
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Results
Preparing each variable for regression was the first task, which was to determine if the
data needed to be transformed. The determination of which transformation to perform depends
on each variable and is performed using a mathematical operation on each observation. These
observations will lead to the transformed variables that will be used in the OLS regression.
Table 3 below shows a breakdown of the different transformations used for each variable and
the abbreviated version of each variable that was used in the GeoDa program.
Table 3: Transformations of the Variables

Transformation

Arcsine
transform

Log transform

Logit
transform
Power
transform
No
transformation

Abbreviated Abbreviated
Variables Definition
As
Variable
AS
ASrate
Foreclosure Rate
AShisp Proportion of Population of Hispanic/Latino
Ethnicity
ASoocc
Proportion of Housing Units Owner
Occupied
ASpop25
Percentage of Population Older than 25
with a Bachelors Degree or Higher.
AShs
Proportion of Parcels with Homestead
Exemption
LG
LGmval
Median Value of Built Parcels
LGnotblt Proportion of Residential Parcels Not Built
LGaft00
Proportion of Residential Parcels Built on
After 2000
LT
LTblack
Proportion of Population of Black Race
PW

PWinc

Median Household Income

N/A

Highc

Percentage of Mortgages which were High
Cost
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For the abbreviated variable names, those with "AS" used a Arcsine Transformation which is
when you take the arcsine of the square root of a number. For the variable to be transformed
using arcsine the values must be between -1 and +1. It is computed as a function of the
proportion using the following equation arcsin(SQRT(p)). Variables with "LT" used a Logit
transformation, which is a number between 0 and 1 and is given by this formula
. On other variables a natural Log transformation was
used denoted by the "LG" before the variable. This transformation can only be used on data that
is positive, so you cannot take the log of a zero or negative number. The last transformation that
was used was a Power transformation on the income variable denoted by the "PW" in the
abbreviated name. The Income variable was cubed in the formula as follows:

.

Variable Histograms
Histograms were created to show the before transformation and after transformation for
each variable.

Histograms for Foreclosure Rate
Original

Transformed

Figure 4: Histograms of the Before and After Transformation of the Foreclosure Rate.
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Figure 4 is the histogram for the original and arcsine transformation of the foreclosure rate. The
original histogram was skewed to the right so this variable needed to be normalized. The
transformed foreclosure rate now shows a distribution approximating Normal.

Histograms of Proportion of Population that is Black
Original
Transformed

Figure 5: Histograms of the Before and After Transformation of Proportion of the Population that
is Black.

The next variable in Figure 5 is the original and Logit transformed proportion of the Black
population. The original data histogram shows a highly positive skew. The transformed version
of the variable has a much more normalized curve. Figure 6 shows the median house value. Its
original histogram is positively skewed as well and required a transformation. Once transformed
the median home value histogram also shows a distribution approximating Normal.

Histograms of Median Home Value
Original

Transformed

Figure 6: Histograms of the Before and After Transformation of Median House Value.
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Histograms of Proportion of the Population that is Hispanic
Original
Transformed

Figure 7: Histograms of the Before and After Transformation of Proportion of the Population that
is Hispanic.

The proportion of the population that is Hispanic residents within each tract is presented in
Figure 7. The histograms in Figure 7 show the original and arcsine transformed proportion of
Hispanic residents. The original histogram was significantly skewed to the right. After the
arcsine transformation the variable is still positively skewed, but not to the extent it was prior.
This was the best result that could be produced in transforming this variable.

Histograms of Percentage of Parcels Owner Occupied
Original
Transformed

Figure 8: Histograms of the Before and After Transformation of Percentage of Parcels Owner
Occupied.

Figure 8 is for owner occupied homes: this variable originally showed a negative skew and after
transformation the result is better than the original, but not to a great extent. It was the best
possible transformation for this variable.
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Histograms of Percentage of the Population that have a Bachelors Degree or Higher
Original
Transformed

Figure 9: Histograms of the Before and After Transformation of Percentage of the Population that
have a Bachelors Degree or Higher.

Figure 9 displays the histograms for the percentage of the population that have a Bachelors
Degree or higher. In the original histogram the variable is skewed right with the mass of the
distribution on its left. The arcsine transformed histogram for the percentage of the population
over 25 with a Bachelors Degree or higher changes that distribution more towards a normal
curve. The original and Log transformed histograms for the variable of the percentage of parcels
not built can be seen in Figure 10. The original histogram for not built was very positively
skewed with almost all of the distribution being located on the far left. Once the transformation
was done the distribution was more normalized.

Histograms of Percentage of Parcels Not Built
Original
Transformed

Figure 10: Histograms of the Before and After Transformation of the Percentage of Parcels Not
Built.
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Histograms of Percentage of Parcels Built after 2000
Original
Transformed

Figure 11: Histograms of the Before and After Transformation of the Percentage of Parcels Built
after 2000.

The histograms in Figure 11 show the original and Log transformed percentage of homes that
have been constructed after the year 2000. This variable is similar to the others being very
positively skewed. After the transformation the data is now slightly negatively skewed, but the
mass of the distribution is much better.

Histograms of Percentage of Homestead Exemptions
Original
Transformed

Figure 12: Histograms of the Before and After Transformation of the Percentage of Homestead
Exemptions.

The above original and arcsine transformed histograms in Figure 12 is of the percentage of
homes with a homestead exemption. The original and transformed histograms are both
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negatively skewed. The transformed percentage of homestead exemption does move the
distribution more towards the center.

Histograms of Estimated Median Household Income
Original
Transformed

Figure 13: Histograms of the Before and After Transformation of Estimated Median Household
Income.

The above histograms in Figure 13 show the original and power transformed estimated median
household income variable. The original histogram for income shows the same pattern as a
majority of the other variables being positively skewed. Once transformed the variables
distribution was much more normalized and is what will be used for the regression model. The
last variable in Figure 14 is percentage of high cost mortgages, which in the histogram below in
the original form has a normal distribution and will not need to be transformed. It will be used
within the regression model.

Original Histogram of Percentage of High Cost
Mortgages

Figure 14: Histogram of the Percentage of High Cost Mortgages.
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Bivariate Maps and Scatter Plots
Exploring each variable further to get a better understanding of the impact it might have
on the foreclosure rate will be done with Bivariate maps and Scatter Plots. The bivariate maps
below show each variable with respect to the dependent variable 'Foreclosure Rate' as well as
each variable plotted onto a scatter plot to look at its association. The maps show a low and
high value for each variable when compared to the low and high for the foreclosure rate. This
was done by taking the transformed variable and taking the tertiles of the values. Tertiles
definition is any of the two points that divide an ordered distribution into three parts, each
containing a third of the population. This is done with each variable including the foreclosure
rate. When the variable and foreclosure rate are both high the tract will be bright red and when
both have low values it will be light blue. Dark blue indicates a low foreclosure rate, but a high
variable value. The light red shows a high foreclosure rate and a low variable value. The
dependent variable 'Foreclosure rate' is the same for all maps with Low being anything equal to
or less than 3.71% and a high value would consist of any value equal to or greater than 5.83%.
The map shown in Figure 15 shows custom-generated ID's used for each tract which will be
used to aid description of the Bivariate maps. Custom-generated ID’s were used since they
could be made shorter than the official Census identifiers.
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Figure 15: Map of the Tracts within Hillsborough County.

The first map seen below in Figure 16 is a comparison between the proportion of the
population that is Black to the foreclosure rate.
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Figure 16: Bivariate Map comparing the Foreclosure Rate and the Proportion of the Population
that is Black.

The values for the proportion of the population that are Black are as follows with low being equal
to or less than 6.74% and high being greater than or equal to 16.19%. The map shows
clustering of high proportion of the population that is Black and high foreclosure values in the
central part of the county. The low proportion of the population that is Black and low foreclosure
areas are much more rural on the outskirts of the county as well as South Tampa. Much of the
high/high areas are located just north of downtown along interstate 275. Neighborhoods with
these high foreclosure rates and high proportion of the population that is Black values are the
Seminole

Heights

areas,

Ybor

and

surrounding

area,

Sulfur

Springs,

and

the

Summerfield/Riverview area. The tract ID's for these areas are tracts 11, 21-29, 35-41, and 278280. Neighborhoods with a low foreclosure rate, but a high Black proportion can be found in the
southern portion of Summerfield tract 289, parts of East Lake tracts 88, 89, and 99; New Tampa
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tract 128, and Thonotosassa tract 95. Those areas around the county where we see both a low
foreclosure rate and proportion of the population that is Black can be found in neighborhoods
such as South Tampa tracts 64-70. Other neighborhoods with Low/Low values were Lithia area
tracts 283 and 272, Ruskin tracts 299 and 287, Lutz tracts 130, 134, and 157, and East
Hillsborough tracts 84-86, 213-218, 228, and 233 around Plant City.

Figure 17: Scatter Plot of Proportion of the Population that is Black and Foreclosure Rate with Box
Plots as References to the variables distributions.

The scatter plot in Figure 17 shows that as the proportion of the population that is Black
increases so does the foreclosure rate. This shows a positive slope or Line of Best Fit, which
can be seen as the light green line running from the lower left to the upper right. The solid red
line in the plot shows a LOESS smoother line fitted to the data to give a sense of local trends
and the dashed red lines around this line represents the confidence intervals Also seen in the
Scatter Plot are two Box plots on the X and Y axis. The middle line in the Box Plot is the median
of the variable and the box itself is showing 50% of the values. Tracts to take note of are tract
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108 which has a high foreclosure rate and high proportion of the population that is Black and
tract 115 which also has a high proportion of the population that is Black, but has a very low
foreclosure rate. These two tracts are located right next to each other just west of USF. Two
other Tracts 11 and 92 are interesting, both with high foreclosure and a high proportion of the
population that is Black. Tract 11 is located in Sulfur Springs and the other tract 92 is Cory Lake
Isles which is a new development in New Tampa.
The proportion of Hispanics residents relative to the foreclosure rate can be seen in
Figure 18. The tracts that have a proportion of the Hispanic population with a low value is
anything equal to or less than 15.28% and a high value is equal to or greater than 24.4%. Areas
with a high proportion of Hispanics residents and high foreclosure rate can be seen to
concentrate in the Northwestern part of the county. Neighborhoods in this area include all of
Town-N-County tracts 171-182, most of the Lowery Park area tracts 9-10, and areas west of
USF tracts 117-118. Summerfield also has a High/High tract in the Northwestern part of the
neighborhood tract 307 while the rest of the neighborhood is Low/Low. The areas with a low
proportion of Hispanics residents and low foreclosure rate can be found in the Northeastern,
Southeastern, and west central parts of the county. Neighborhoods with the Low/Low values are
Seffner, Knights, Lithia, Sun City, and South Tampa. Tracts such as 83, 87, 272, 98-99, 183,
and 290-298.
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Figure 18: Bivariate Map comparing the Foreclosure Rate and Proportion of the Population that is
Hispanic.

The scatter plot in Figure 19 shows the foreclosure rate and the proportion of the population that
is Hispanic. The best fit line shows a positive relationship between the proportion of the
population that is Hispanic and the rate of foreclosure. Overall it shows that as the proportion of
the population that is Hispanic increases so does the foreclosure rate. The beginning of the
scatter plot shows a dip due to some very low foreclosure rates and proportion of the population
that is Hispanic. This dip is caused by tracts 290-299 within Sun City where the proportion of the
population that is Hispanic and the foreclosure rate are both very low. We see that both tracts
108 and 115 again have high proportion of the population that is Hispanic, but tract 108 has a
high foreclosure rate and tract 115 has a low foreclosure rate. Although tracts 11 and 92 have a
very high foreclosure rate, their proportion of the population that is Hispanic is right at the
median, which is causing the scatter plot to have a slight hump in the middle of the graph.
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Figure 19: Scatter Plot of Proportion of the Population that is Hispanic and Foreclosure Rate with
Box Plots as References to the variables distributions.

Two other tracts that cause a negative relationship towards the end of the scatter plot are tracts
276 and 277. These two tracts are located in the Balm/Wimauma neighborhood in the
Southeastern part of the county and have a low foreclosure rate, but a very high proportion of
the population that is Hispanic.
The relationship between foreclosure rate and percentage of owner occupied can be
seen in Figure 20. As stated earlier, these are homes in which the owner of the mortgage lives
within the home. The percentage of owner occupied values for the lower tertile are equal to or
less than 5.5% and high values are equal to or greater than 74.8%. When looking at the owner
occupied variable the data revealed a lack of high-high clustering. The one cluster seen is very
interesting as it is in an area where most of the housing was built after the year 2000. These are
tracts 270, 271, 274, 278, 280, and 282 in the Summerfield neighborhood and in the southern
part of the Riverview neighborhood. There are very few areas that have a low foreclosure rate
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and a low percentage for owner occupied. Areas with this value can be found around USF
(tracts 109 and 111), Gibsonton (tract 266), and Palm River (tract 262). High percent owner
occupied areas with low foreclosure rates are shown clustered in a few neighborhoods around
the county. These neighborhoods are Northeast in the Knights (tract 83 and 87), Seffner (tract
199), Thonotosassa (tract 98), and East Hillsborough (tracts 85, 86, 84, 216, and 218) outside
Plant City . The Southwest in Ruskin (tracts 299 and 287), Sun City (tracts 294, 298, 297, 290,
and 292), and in the south east in Lithia (tracts 283 and 272). Also tracts 157, 159, 130, 134,
and 120 in areas of Lutz have low foreclosure rates and high percentage owner occupied
values. Areas and tracts with a high foreclosure rate and a low percentage owner occupied
value can be found the central part of the county north of Tampa in tracts 37-40, 101, and 5.

Figure 20: Bivariate Map comparing the Percentage of Parcels Owner Occupied and Foreclosure
Rate.
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Figure 21: Scatter Plot of Percentage of Parcels Owner Occupied and Foreclosure Rate with Box
Plots as References to the variables distributions.

The scatter plot in Figure 21 for percentage owner occupied shows a negative relationship
relative to the best fit line. The overall data shows that as the percentage owner occupied value
increases the foreclosure rate for the tracts within Hillsborough County decreases. The LOESS
smoother line, however, shows a slightly different pattern by increasing at first and then
decreasing. As the percentage owner occupied value increases so does the foreclosure rate
until you get to the percentage owner occupied median, then foreclosure rate decreases. The
left side of the scatter plot displays the same two tracts around USF, tracts 108 and 115. Tracts
115 and 108 have a low percentage owner occupied value, but again 115 has a low foreclosure
rate and tract 108 has a high foreclosure rate. Tract 113 located around USF and tract 127
located in the very North center part of Hillsborough County in part of New Tampa pull the
LOESS smoother line from the slope of the best fit line . They both have Low/Low values for
percentage owner occupied and foreclosure rate. At the center of the scatter plot are tracts 11
and 92, which have caused the LOESS smoother line to rise. This is due to the high foreclosure
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rate for both tracts and low to medium value for percentage owner occupied. The right of the
scatter plot is pulled down by those tracts with high percentage owner occupied values and
those that have low foreclosure rates. These areas are in most of Sun City and Northeastern
Riverview.

Figure 22: Bivariate Map comparing the Median House Value and the Foreclosure Rate.

In Figure 22 is the median house value in a bivariate map with the foreclosure rate. The
low median house values are anything less than or equal to $125,731 and the high values are
anything equal to or greater than $162,722. Looking at those tracts with both a low median
house value and a low foreclosure rate we see tracts in the South, West, and parts of central
Hillsborough County and, more specifically, in parts of Sun City (tracts 295, 293, 296, 290, and
292), Ruskin (tracts 299 and 287), Gibsonton (tract 266), Palm River (tracts 260 and 261), and
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East Hillsborough (tracts 228, 226, 213, 214, and 216) around Plant City. We see low
foreclosure rates with high median household values in neighborhoods such as South Tampa
(tracts 67-74), parts of Lutz (tracts 167, 157, and 130), parts of Carrollwood (tracts 140 and
141), Valrico (tract 234), Bloomingdale (tract 250), and Northwest Lithia (tract 283). The high
foreclosure rate and low median house values are located in the central part of the county north
of the city of Tampa. These areas are clustered in the same part of town where there is also a
high proportion of the population that is Black.

Figure 23: Scatter Plot of Median House Value and Foreclosure Rate with Box Plots as References
to the variables distributions.

The scatter plot for median house value and foreclosure rate can be seen in Figure 23. A similar
pattern can be seen as in the percentage of parcels owner occupied scatter plot. At the low end
of the range for median house values the foreclosure rate seem to rise, but then as the median
house values continue to increase and approach the median it begins to level out. Then
foreclosure rates begin to drop after this as the median house value continues to increase. The
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tracts that cause the LOEES smoother line to be pulled downward at the left side of the scatter
plot are tract 289 in Summerfield, tract 287 Ruskin, and tract 207 in Brandon. Two areas on the
right side of the scatter plot, Davis Island and Northeast Riverview, pull the foreclosure rate
down while the area still retains a high median house value. As for the outliners mentioned
earlier the results are similar with regard to median house value. Tracts 108 and 115 both have
similar values for median house value, but one has a high foreclosure rate and one has a low
foreclosure rate. On the opposite end tracts 11 and 92 both have a high foreclosure rate with
different median house value. Tract 11 has a lower median house value while tract 92 has a
higher median house value.

Figure 24: Bivariate Map comparing the Percentage of High Cost Mortgages and Foreclosure Rate.
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In Figure 24 we examine the percentage of High Cost Mortgages (HCMs) for
Hillsborough County. HCMs range from any low value equal to or less than 7.1% and any high
value equal to or greater than 9.35%. HCMs show an interesting pattern within Hillsborough
County and match other variables in terms of where clusters are found. The areas and tracts
that have both a high HCM and a high foreclosure rate are found in the same neighborhoods in
which there are both high proportion Hispanic and proportion of Black populations such as
Town-N-County, College Hill, Ybor, and Seminole Heights. Those areas with low HCMs and low
foreclosure rates can be found in South Tampa (tracts 64, 67-70, and 74), Sun City (tracts 290298), Northwest Lithia (tract 283), Summerfield (tract 289), and parts of Lutz (tracts 157, 167,
and 159). Areas with a high HCMs, but a low foreclosure rate can be found south East
Hillsborough (tracts 228 and 226), part of Palm River (tract 262), Gibsonton (tract 266), and
Ruskin (tract 287). Very few tracts have low HCMs and a high foreclosure rate. These can be
found in parts of Apollo Beach (tract 306), Summerfield (tract 305), and New Tampa (tracts 9092).
The scatter plot in Figure 25 shows the relationship between HCMs and the foreclosure
rate. The relationship has a positive best fit line showing that as the value of HCMs increases so
too does the foreclosure rate. The LOESS smoother line tells a different story as the foreclosure
rate first decreases at low HCMs and then the foreclosure rate increases as it approaches the
median of HCM only to decrease again once the values for HCMs are extreme. On the left side
of the scatter plot tract 46 (which has a foreclosure value close to the median) pulls the LOESS
smoother line up away from the slope, which has a very low HCM value and located in Historic
Ybor. Then several areas with lower than the median for HCM values pull the LOESS smoother
line down due to low foreclosure rates.
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Figure 25: Scatter Plot of Percentage of High Cost Mortgages and Foreclosure Rate with Box Plots
as References to the variables distributions.

All of these tracts are found in Sun City Center and the Southwest tract in Summerfield just
north of Sun City Center. Towards the right side of the scatter plot a few very high HCMs value
tracts that have foreclosure rates close to the median or below pull the LOESS smoother line
back down away from the best fit line. One of these tracts is in Ruskin and the other is in Plant
City. The outliners tracts 115 shows a low HCM value, but tract 108 shows an above average
HCM value. Tract 92 has a below average HCM value and tract 11 has an above average HCM
value.
The percentage of housing built after the year 2000 will be the next variable to explain,
which can be seen in Figure 26. The values for percentage of housing built after the year 2000
for low is anything equal to or less than 6% and for high it is anything equal to or greater than
20.9%. The map areas with high values for percentage of housing built after the year 2000 are
all on the outskirts of Tampa and Plant City. Those neighborhoods with high values in both the
foreclosure rate and in the percentage of housing built after the year 2000 can be found in New
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Tampa (tracts 125-126 and 90-92), Apollo Beach (tract 306), most of Summerfield (tracts 305
and 279), and south Riverview (tracts 271, 278, 280, and 282). Many of the areas with high
foreclosure rates and low percentage of housing built after the year 2000 can be found in the
central part of the county in neighborhoods with high proportions of Hispanic and Black
residents. Areas with low foreclosure rates and high percentage of housing built after the year
2000 can be found in parts of Balm (tracts 276-277), parts of Lutz (tracts 120, 157, and 167),
Knights (tracts 83 and 87), Seffner (tract 99), Thonotosassa (tracts 98-99), and Northwest Lithia
(tract 283). Carrollwood (tracts 153, 142, and 139) and Temple Terrace (tracts 104-106) are two
areas that have low foreclosure rates and low values for the percentage of homes built after the
year 2000.

Figure 26: Bivariate Map comparing the Percentage of Parcels Built After 2000 and Foreclosure
Rate.
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The scatter plot for the percentage of homes built after the year 2000 is located in Figure 27.
The best fit line for this scatter plot shows no correlation with the dependent variable foreclosure
rate. The LOESS smoother line shows an interesting pattern after the percentage of homes built
after the year 2000 median. Once the values for percentage of homes built after the year 2000
are high the foreclosure rates start increasing. This spike is due to a few tracts such as tract 45
which is located in the historic Ybor area. We see tract 92 and tract 11 both with a high
foreclosure rate, but tract 92 has a high percentage of homes built after 2000 value and tract 11
has a value lower than the median of the percentage of homes built after 2000. Tracts 108 and
115 by USF again both have low percentage of homes built after the year 2000 values, but one
has a high foreclosure rate and the other a low foreclosure rate.

Figure 27: Scatter Plot of Percentage of Parcels Built After 2000 and Foreclosure Rate with Box
Plots as References to the variables distributions.

The relationship between the percentage of parcels not built and the foreclosure rate is
the next variable to be discussed and can be seen in Figure 28. Percentage of parcels not built
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values for low are anything equal to or less than 2.5% and high values are anything equal to or
greater than 8.9%. Locations in Hillsborough County with a high value for percentage of parcels
not built tend to be on the out skirt areas of the county were new development is present. Areas
with high percentage of parcels not built, but low foreclosure rates are Knights (tracts 83 and
87), North Seffner/South Thonotosassa (tracts 98-99), Lithia (tracts 283 and 272), Balm (tract
288 and 276-277), and Ruskin (tracts 299 and 287). Areas that have a low value for both
foreclosure rate and percentage of parcels not built can be found in South Tampa (tracts 64, 6770, and 74) and Davis Island (tract 60). Those areas with a high value for both foreclosure and
percentage of parcels not built are Apollo Beach (tract 306), parts of Summerfield (tracts 305
and 279), and parts of Riverview (tracts 274, 271, 278, and 280). These areas were the only
clustering of high foreclosure rates and high percentage of parcels not built in the county.

Figure 28: Bivariate Map comparing the Percentage of Parcels Not Built and Foreclosure Rate.
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The scatter plot in Figure 29 shows a zero slope with a strong relationship. The values for
percentage of parcels not built seem to be consistent as the values rise and the foreclosure
rates seem to stay constant. The LOESS smoother line follows the best fit line until after it gets
passed the median for percentage of parcels not built and at this point the foreclosure rate
decreases. One tract seems to have a big effect on this significant drop towards the end of the
scatter plot, which is tract 289 in Summerfield. The outliers tract 108 and 115 have a similar
pattern with percentage of parcels not built as they did with all the other variables. With
percentage of parcels not built they both have lower than average values yet one has a high
foreclosure rate and the other has a low foreclosure rate. As mentioned previously, these are
both neighbors in the USF area. Now tracts 11 and 92 both having a high foreclosure rate, but
in this case have similar values for percentage of parcels not built.

Figure 29: Scatter Plot of Percentage of Parcels Not Built and Foreclosure Rate with Box Plots as
References to the variables distributions.
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Percentage of population older than age of 25 with a Bachelors degree or higher is the
next variable to be examined in Figure 30. For the variable percentage of population older than
age of 25 with a Bachelors degree or higher the low values are anything equal to or less than
15.79% and the high values are anything equal to or greater than 32.9%. In the image below we
can first look for tracts and neighborhoods with a high value for percentage of population older
than age of 25 with a Bachelors degree or higher and foreclosure rate. These can be found in
tracts 92, 91, 90, 125, and 126 which are all located in New Tampa. Other tracts such as tract
306 in North Ruskin and South Apollo Beach also have high values for both percentage of
population older than 25 with a Bachelors degree or higher and foreclosure rate. Areas with low
values for percentage of population older than age of 25 with a Bachelors degree or higher and
foreclosure rate can be found in tracts 83, 87, 84, 85, 266, 262, 283, 299, 288, and 272. The
neighborhoods where these tracts are located are Knights, east Lithia, East Hillsborough around
Plant City, Ruskin, Palm River, and Ruskin. Areas that have high values for percentage of
population older than 25 with a Bachelors degree or higher, but low values for foreclosure rate
are located within the following tracts: Lutz (tracts 167, 159, 167, 130, 134, and 120); areas of
South Tampa (tracts 64, 63, 70, 69, 68, and 65); Riverview (tracts 286, 285, and 284); and
Northwest Lithia (tract 283). Areas with high foreclosure rates and low percentage of population
older than 25 with a Bachelors degree or higher can be found in many tracts in central Tampa
and a few tracts in Northwest Brandon.
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Figure 30: Bivariate Map comparing the Foreclosure Rate and Percentage of Population Older
than 25 with a Bachelors Degree or Higher.

The scatter plot in Figure 31 shows the relationship between percentage of population older
than 25 with a Bachelors degree or higher and the foreclosure rate. We see a negative slope
based on the best fit line and a strong relationship between the variables. The LOESS smoother
line on the left side of the scatter plot shows that we have low percentage of population older
than 25 with a Bachelors degree or higher and low foreclosure rates in tract 88 in Thonotosassa
and tract 207 in Northwest Brandon. These two tracts pull the LOESS smoother line down from
the best fit line. Overall as percentage of population older than 25 with a Bachelors degree or
higher increases the rate of foreclosure decreases. Tracts 108 and 115 from the USF area
again affect the LOESS smoother line. Also tracts 11 and 92 again show similar results from
earlier variables. Here tract 11 has a lower percentage of population older than 25 with a
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Bachelors degree or higher value than the median and tract 92 has a higher value than the
median with both still having high rate of foreclosure.

Figure 31: Scatter Plot of Percentage of Population Older than 25 with a Bachelors Degree or
Higher and Foreclosure Rate with Box Plots as References to the variables distributions.

The last two variables in each tract to explore are estimated household income and the
percentage of parcels Homestead Exemption. First, we will look at the estimated household
income of each tract. In Figure 32 below we see estimated household income in a bivariate map
with the foreclosure rate. With regard to estimated household income values, the low is anything
equal to or less than $41,348 and the high value equal to or greater than $58,920. The tracts
and areas that have a low value for both foreclosure rate and estimated household income can
be seen in Apollo Beach (tract 262), Gibsonton (tract 266), Ruskin (tract 299), and Balm (tracts
277 and 276). These are located in the southern part of Hillsborough County. We see low
foreclosure rates and high estimated household income in areas such as Sun City (tracts 290291), Summerfield (tract 289), Lithia (tract 283), Lutz (tracts 157, 159, 120, 130, and 134), and
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South Tampa (tracts 63-66 and 68-70). The areas with a high foreclosure rate and a low
estimated household income are located in the north central part of the county north of Tampa.
There are many tracts in this area similar to areas with a high proportion of the population that is
Black. Those areas with a high-high value for foreclosure rate and estimated household income
are in South Apollo Beach/North Ruskin (tract 306), Summerfield (tracts 279 and 305), and New
Tampa (tracts 90-91 and 125-126).

Figure 32: Bivariate Map comparing the Estimated Household Income and Foreclosure Rate.

The scatter plot in Figure 33 shows estimated household income and the foreclosure rate. The
scatter plot best fit line shows a negative slope, meaning that as estimated household income
increases the foreclosure rate decreases. The LOESS smoother line tends to also follow this
pattern. On the left of the scatter plot tract 46 in Tampa has a foreclosure value around the
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median, but a very low estimated household income, and pulls the LOESS smoother line away
from the expected slope. On the right side of the graph tracts 65 and 74 in South Tampa and
tract 284 in Riverview both have very high estimated household income values and are lower
than the median foreclosure rate, causing the LOESS smoother line to be pulled down from the
best fit line.

Figure 33: Scatter Plot of Estimated Household Income and Foreclosure Rate with Box Plots as
References to the variables distributions.

The percentage of parcels with Homestead Exemption is the last variable to explore with
respect to the foreclosure rate and can be seen in Figure 34. Percentage of parcels with
Homestead Exemption values are as follows with low being anything equal to or less than
58.9% and high being anything equal to or greater than 72.9%. This is one variable that seems
to be very random showing very little with respect to clustering. There are many tracts that have
a high foreclosure rate, but the percentage of parcels with Homestead Exemption values range
from low to high in these areas with little formation of a pattern. We see areas with low
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foreclosure and low percentage of parcels with Homestead Exemption rates in Ruskin (tracts
299 and 287), Balm (tracts 276-277), Summerfield (tract 289), Gibsonton (tract 266), and Apollo
Beach (tracts 261-262). Those areas with low foreclosure rates but high percentage of parcels
with Homestead Exemption rates are Lithia (tract 272), East Hillsborough (tracts 228, 84, 233,
and 218), Knights (tracts 83 and 308), and Lutz (tracts 157 and 167). Areas with high
foreclosure and low percentage of parcels with Homestead Exemption are located in
Summerfield (tract 305), Gibsonton (tract 269), New Tampa (tracts 91-92, and 125-126), and
Central Tampa (tracts 37-42). In Town-N-County (tracts 171-172 and 187), and Lutz (tract 168)
we see both high foreclosure rates and high percentage of parcels with Homestead Exemption.

Figure 34: Bivariate Map comparing the Percentage of Parcels with Homestead Exemption and
Foreclosure Rate.
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The percentage of parcels with Homestead Exemption scatter plot can be seen in Figure 35.
The percentage of parcels with Homestead Exemption's best fit line has a negative slope
showing that as percentage of parcels with Homestead Exemption values increases foreclosure
rates decrease. The LOESS smoother line for percentage of parcels with Homestead
Exemption on the scatter plot has a curve on the left side of the plot away from the best fit line
caused by tracts 115 and 113 around USF, tract 127 in New Tampa, and tract 289 in
Summerfield. The value for percentage of parcels with Homestead Exemption in these tracts is
very low and the foreclosure rate is low. Tracts 11 and 92 pull the LOESS smoother line back up
around the best fit line due to their very high foreclosure rate, yet both have a percentage of
parcels with Homestead Exemption value lower than the median. Early in the scatter plot we
can see that as percentage of parcels with Homestead Exemption values increase so too does
the foreclosure rate. Percentage of parcels with Homestead Exemption values peak out around
the foreclosure median and as percentage of parcels with Homestead Exemption values
increase from that point on the foreclosure rate decreases. Heteroskedasticity is present within
the percentage of parcels with Homestead Exemption's scatter plot. This can be seen as on the
left side of the scatter plot is very few observations and on the right side of the plot there are
many observations. This creates a cone like shape that leads us to determine the presents of
heteroskedasticity.
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Figure 35: Scatter Plot of Percentage of Parcels with Homestead Exemptions and Foreclosure
Rate with Box Plots as references to the variables distributions.

OLS Regression Results
The OLS Regression results of the analysis are explained within this section. With
foreclosure rate as the dependent variable the model was first estimated using all variables and
tracts. These results are shown in Table 4 with an adjusted R-square of .497 and the Akaike
Info Criterion (AIC) of -1016. The table shows (in red) that median household income and
percentage of the population older than 25 with a Bachelors Degree or higher are not significant
within the model.

55

Table 4: OLS Regression Results using all Variables and Tracts.

Exploratory Regression Results 1
R-squared
:
Adjusted R-squared :

Variable
CONSTANT
HIGHC
LGMVAL
LTBLACK
ASHISP
PWINC
ASOOCC
ASPOP25
LGNOTBLT
LGAFT00
ASHS

0.513114
0.496720

AIC: -1016

Coefficient

Std.Error

-0.396
0.533
0.053
0.024
0.099
-0.001
0.060
-0.021
-0.012
0.010
-0.070

t-Statistic
0.127
0.114
0.020
0.002
0.017
0.000
0.018
0.022
0.002
0.002
0.022

P-Values

-3.095
4.645
4.453
10.517
5.717
-1.559
3.224
-0.924
-4.893
4.731
-3.104

0.002
0.000
0.000
0.000
0.000
0.119
0.001
0.356
0.000
0.000
0.002

It is possible that outliers or multicollinearity could be playing a role in causing the two
variables above from being significant. Influential outliers can pull modeled regression
relationships away from their true best fit model, biasing regression coefficients and lowering the
R-square value. Multicollinearity between median household income and percentage of the
population older than 25 with a Bachelors Degree or higher is possible since these two variables
tend to be correlated with each other. Different diagnostics tests need to be run in order to
locate and isolate outliers within the data and later test to resolve any multicollinearity that could
be taking place within the model. There were two tracts located close to the University of South
Florida that could be considered outliers in the data. These were tracts 115 and 108 discussed
earlier in the scatter plots. These turned out to have a very low number of parcels. This can be
seen in Figure 36, which compares the fitted values against the residuals. The residuals for both
tract 108 and tract 115 are far removed from the mean of approximately zero. Other tracts like
110, 152, 11, and 92 are also more than 0.1 away from the mean. Looking at other diagnostic
test will help to determine if any of these tracts should be removed from the data.
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Figure 36: Pearson Residuals compared against the Fitted Values.

Figure 37: Diagnostic Plot showing possible outliers.
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Figure 38: Influence Plot showing Studentized Residuals compared to Hat-Values.

Figure 37 shows the following four diagnostic plots, Cook's Distance, Studentized Residuals,
Bonferroni p-values, and Hat-Values. These plots further show the impact tracts 108 and 115
have on the regression results. Tract 115 and 108 both have high studentized residuals and are
both near zero on Bonerroni p-values. The Cook's distance and Hat-Values show a very high
value for tract 115. This tells us that tract 115 has a high residual, but also that it is influencing
the slope of the regression line. In Figure 38 we see a bubble plot of studentized residuals
compared to the Hat-Values. This plot shows tract 115 as an outlier with again its high residual
and influence on the model. Due to tract 115 and 108 having such an impact on the residuals
and model they were removed. These two tracts are both found next to the USF area in Tampa
and can be seen in Figure 39. The other tracts noticed in Figure 36 do not see the same scale
of issues in the other tests so these tracts will remain in the data for further analysis.
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Figure 39: Location of Outlier Tracts 108 and 115.

Table 5: OLS Regression Results with Outlier Tracts 108 and 115 Removed.

Exploratory Regression Results 2
R-squared
:
Adjusted R-squared :

Variable
CONSTANT
HIGHC
LGMVAL
LTBLACK
ASHISP
PWINC
ASOOCC
ASPOP25
LGNOTBLT
LGAFT00
ASHS

0.545150
0.529732

AIC: -1052

Coefficient

Std.Error

-0.418
0.447
0.055
0.024
0.105
-0.001
0.059
-0.030
-0.011
0.009
-0.083

t-Statistic
0.119
0.107
0.011
0.002
0.016
0.000
0.017
0.021
0.002
0.002
0.022

-3.502
4.147
4.969
11.566
6.466
-1.114
3.359
-1.434
-4.929
4.456
-3.745

P-Values
0.000
0.000
0.000
0.000
0.000
0.265
0.000
0.152
0.000
0.000
0.000

In Table 5 are the OLS regression results after tracts 108 and 115 have been removed.
This model shows improvement in both the Adjusted R-squared value (increase from .497 to
.53) and the AIC value decreases from -1016 to -1052 from the previous model in Table 4. The
median household income and percentage of the population older than 25 with a Bachelors
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Degree or higher variables are still are not significant in the model. The median household
income variable had a p-value of .26 and percentage of the population older than 25 with a
Bachelors Degree or higher has a p-value of .15. As stated before, median household income
and percentage of the population older than 25 with a Bachelors Degree or higher are highly
correlated and could be causing multicollinearity within the model. Multicollinearity leads to an
over-counting type of bias and an unstable and unreliable model. Since the median household
income was more insignificant within the model than percentage of the population older than 25
with a Bachelors Degree or higher it was removed. Even though we lose a valuable variable
such as median household income, which has been known to effect foreclosure rate from past
research, the education variable partly acts as a surrogate measurement for income. Earlier we
discussed how Malkova (2008) showed a comparison between foreclosures and those
individuals with college educations. The maps they created showed that areas with low
foreclosure rates had a high amount of college graduates and incomes within those areas were
also high. The level of education clearly has an impact on a family's income, which could easily
explain why those individuals who have college degrees are at a lower risk of foreclosure. So
since percentage of the population older than 25 with a Bachelors Degree or higher is still within
the model it can be used as a measure of income in determining how income might impact the
foreclosure rate of Hillsborough County.
Table 6 presents the regression results after removing the median household income
variable. The Adjusted R-squared did not change, but the AIC did improve very slightly to -1053.
The percentage of the population older than 25 with a Bachelors Degree or higher variable is
now significant at the 95% level of confidence. This shows that median household income was
in fact having an impact on the percentage of the population older than 25 with a Bachelors
Degree or higher variable.
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Table 6: OLS Regression after Median Household Income has been Removed.

Exploratory Regression Results 3
R-squared
:
Adjusted R-squared :

Variable
CONSTANT
HIGHC
LGMVAL
LTBLACK
ASHISP
ASOOCC
ASPOP25
LGNOTBLT
LGAFT00
ASHS

0.543235
0.529347

AIC: -1053

Coefficient

Std.Error
-0.404
0.452
0.052
0.025
0.105
0.049
-0.040
-0.011
0.009
-0.081

t-Statistic
0.118
0.107
0.010
0.002
0.016
0.015
0.019
0.002
0.002
0.022

P-Values

-3.405
4.193
4.844
11.687
6.502
3.216
-2.010
-4.845
4.341
-3.680

0.000
0.000
0.000
0.000
0.000
0.001
0.045
0.000
0.000
0.000

It was noticed after Table 6 results that heteroskedasticity was still an issue. Due to this
problem the scatter plots were re-examined for clues. It turns out that a possible non-linear
relationship between homestead exemption and foreclosure. In order to address some of the
heteroskedasticity issues noticed in the scatter plot it was decided to add a squared value for
the percentage of parcels with Homestead Exemption.
Table 7 shows the classic OLS regression conducted within GeoDa with the added
square of the percentage of parcels with Homestead Exemption. This table also shows a
decrease in the significance of percentage of the population older than 25 with a Bachelors
Degree or higher for the overall model. The early results show that all of the variables are
significant at the 99% confidence level except percentage of the population older than 25 with a
Bachelors Degree or higher, which is now only significant at the 90% confidence level. There is
an increase in the adjusted R-squared value of .56, and the AIC improved to -1073. This will be
used as the final model with the final equation for the model as follows:
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(Foreclosure Rate) = ß0 + ß1(High Cost Mortgages)1 + ß2(Median Value)2 + ß3(Proportion
Black)3 + ß4(Proportion Hispanic)4 + ß5(Owner Occupied)5 + ß6(Population Above 25 with
Degree)6 + ß7(Parcels Not Built)7 + ß8(Built After 2000)8 + ß9(Homestead Exemption)9 +ê.

Table 7: Final OLS Regression Results with Squared Percentage of Parcels with Homestead
Exemption added.

Final OLS Regression
R-squared
:
Adjusted R-squared :

Variable
CONSTANT
HIGHC
LGMVAL
LTBLACK
ASHISP
ASOOCC
ASPOP25
LGNOTBLT
LGAFT00
ASHS
SQASHS

0.574839
0.560426

AIC: -1073

Coefficient
-0.534
0.377
0.051
0.025
0.103
0.055
-0.033
-0.014
0.007
0.284
-0.240

Std.Error

t-Statistic

0.118
0.105
0.010
0.002
0.015
0.014
0.019
0.002
0.002
0.081
0.051

-4.521
3.577
4.875
12.119
6.597
3.707
-1.724
-6.054
3.776
3.507
-4.683

P-Values
0.000
0.000
0.000
0.000
0.000
0.000
0.085
0.000
0.000
0.000
0.000

The positive relationships in the model are percentage of mortgages which were high cost,
median household value, proportion of the population that is Black, proportion of the population
that is Hispanic, percentage of housing units owner occupied and percentage of parcels built
after 2000. At this point the model is saying that as these variable values increase so does the
foreclosure rate. Negative relationships are seen with percentage of population older than 25
with a Bachelors Degree or higher, percentage of parcels with Homestead Exemption, and
percentage of parcels not built. In this case the model is saying as this variables increase the
foreclosure rate decreases.
In Figure 40 we can see the map of the standard deviation of the residuals from the
classic regression. The map shows that similar colors are clustering which could mean signs of
spatial auto correlation. Areas in pink and red with a positive residual show a tendency to under
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predict and those in light and dark blues with a negative residual show a tendency to over
predict.

Figure 40: Map of the Standard Deviation of the Residuals from the Classic Regression.

Table 8: Test for Multicollinearity.

Test for Multicollinearity
MULTICOLLINEARITY CONDITION NUMBER
TEST
Jarque-Bera

TEST ON NORMALITY OF ERRORS
DF
2

227.004512
VALUE
18.160

PROB
0.000

Table 8 above is the test for multicollinearity and the Jarque-Bera test for non-normality of the
OLS regression. Considering the multicollinearity condition number of 227, which is extremely
high, we really do not want to see a number greater than 30 here. This tells us there is still some
multicollinearity among our exploratory variables. This is expected since many of the variables

63

are related to each other in some respect. Also this number is much lower in the final model
than in the previous exploratory models. Table 9 looks at three diagnostics that are common
statistical tests for detecting heteroskedasticity. The table has three test Breusch-Pagan,
Koenker-Bassett, and the White test.

Table 9: Diagnostics for Heteroskedasticity.

Diagnostics for Heteroskedasticity
DIAGNOSTICS FOR HETEROSKEDASTICITY
TEST
Breusch-Pagan test
Koenker-Bassett test
TEST
White

RANDOM COEFFICIENTS
DF
VALUE
10
99.262
10
62.189
SPECIFICATION ROBUST TEST
DF
VALUE
65
N/A

PROB
0.000
0.000
PROB
N/A

The results for the Breush-Pagan and Koenker-Bassett tests show evidence that there is still
heteroskedasticity within the model. This is backed up with the White test with a value of 65.
The values for all these tests are much lower than the results from the exploratory model’s
results. Examining these results is a good idea to better understand the distribution of the
residuals. These are the unexplained portion of the dependent variable (Foreclosure Rate),
represented in the regression equation as the random error term ɛ. The residuals are equal to
the predicted value minus the observed value. The size of the residuals from the regression
equation is one measure of model fit. Consequently, if you have rather large residuals it could
indicate poor model fit.
A diagnostic for spatial dependence was conducted in order to determine if a spatial
pattern is present in the residuals. The diagnostic for spatial dependence in the residuals uses
the Moran's I test and then Lagrange Multiplier tests to determine if there is a need to run a
spatial lag model or a spatial error model. Table 10 contains the results from these tests.
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Table 10: Diagnostics for Spatial Dependence.

DIAGNOSTICS FOR SPATIAL DEPENDENCE
TEST
MI/DF
Moran's I (error)
Lagrange Multiplier (lag)
Robust LM (lag)
Lagrange Multiplier (error)
Robust LM (error)

0.112
1
1
1
1

VALUE

PROB

3.429
21.932
14.448
8.871
1.386

0.000
0.0008
0.000
0.002
0.238

Looking at the results the Moran's I test is highly significant, which is suggesting a problem with
spatial autocorrelation in the OLS residuals. To determine whether to use a spatial lag or a
spatial error model we look at the Lagrange Multiplier tests. The first two tests, LM-Lag and
Robust LM-Lag, pertain to the spatial lag model as the alternative method. The next two tests,
LM-Error and Robust LM-Error, refer to the spatial error model as the alternative method. In the
above table both Lag test are highly significant, but only one of the Error test is significant. Due
to this the alternative method to use would be a spatial lag model for the spatial regression. This
model will be estimated with both rook and queen weights used to define neighboring tracts.

Spatial Regression Weights
A Connectivity Histogram reflects the connectivity distribution for the census tracts in the
data set. This will help detect odd features of the distribution that could impact the spatial
regression specifications and spatial autocorrelation statistics. There are three things to pay
attention to when looking at the histogram - whether any islands appear, whether there are any
unconnected features with no neighbors, and whether there is bimodal distribution. Bimodal
distribution is when you have cases that have very few neighbors, such as when one tract has
one or two neighbors and others have many neighbors. The resulting histograms for both Rook
first order and Queen first order can be seen in Figures 41 and 42.
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Figure 41: Connectivity Histogram for the Rook weights.

When reading the histogram you will be able to see how many neighbors each feature
(in this case tracts) has as its neighbor. When looking at the legend it will show the amount of
neighbors and next to that number will be the amount of features that have that many
neighbors. In Figure 41 the Rook weights histogram distribution looks pretty normal. This is a
good sign that each of the tracts within Hillsborough County are getting a good amount of
neighbors for the analysis. Also, there is not a large amount of them that have too few or too
many neighbors. In the case where you have too many or too few neighbors, these tracts would
be considered outliers and would need further examination. Examining the Queen weights
histogram next will help to determine if it is a better fit for our regression model. As stated before
this will select more neighbors for each tract within Hillsborough County.
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Figure 42: Connectivity Histogram for the Queen weights.

At first glance the Queen histogram in Figure 42 has a much cleaner looking bell curve to the
Rook histogram. This shows that there is no strange distribution, which could affect the spatial
autocorrelation statistics and spatial regression specifications. We do not see any occurrences
of islands in the data or unconnected observations. Also, the bimodal distribution looks good
since there are very few tracts with few neighbors and very few with too many neighbors. We
will use both in the spatial regression model (if needed) to determine which supplies the best
results to create the most accurate prediction model for foreclosures in Hillsborough County.

Spatial Regression Results
Based on the LM tests above, a spatial lag regression models, using both the Rook and
Queen weights, were estimated. Table 11 shows the results from the Rook weights and Table
12 shows the results of the Queen weights spatial lag regression. The traditional adjusted R67

square measurement cannot be used for spatial regression models since its results on the
spatial model is not the statistical accurate R-squared. Other measures need to be used to
compare models such as the Log-Likelihood, AIC, and SC. The Akaike info criterion(AIC) is the
measurement being used in the OLS regression so it will be the measurement used for
comparison here. In Table 11 the Rooks weights spatial regression gives a AIC value of -1091
and the Queens weights spatial regression a AIC value of -1088. Both show improvement over
the OLS model, but the Rook seems to be performing slightly better.

Table 11: Rook Weights Spatial Lag Regression Results

Rook Weights Spatial Lag Results
AIC

:

Variable

-1091

Coefficient

W_ASRATE
CONSTANT
HIGHC
LGMVAL
LTBLACK
ASHISP
ASOOCC
ASPOP25
LGNOTBLT
LGAFT00
ASHS
SQASHS

0.286
-0.486
0.316
0.042
0.019
0.085
0.049
-0.027
-0.013
0.008
0.284
-0.227

Std.Error

z-value

0.061
0.111
0.099
0.009
0.002
0.015
0.014
0.018
0.002
0.002
0.076
0.047

4.672
-4.371
3.167
4.241
8.972
5.654
3.531
-1.500
-6.249
4.537
3.717
-4.876

Std.Error

z-value

P-Values
0.000
0.000
0.002
0.000
0.000
0.000
0.000
0.133
0.000
0.000
0.000
0.000

Table 12: Queen Weights Spatial Lag Regression Results.

Queen Weights Spatial Lag Results
AIC

:

-1088

Variable
W_ASRATE
CONSTANT
HIGHC
LGMVAL
LTBLACK
ASHISP
ASOOCC
ASPOP25
LGNOTBLT
LGAFT00
ASHS
SQASHS

Coefficient
0.276
-0.497
0.331
0.043
0.020
0.087
0.051
-0.029
-0.014
0.009
0.282
-0.228
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0.065
0.112
0.100
0.010
0.002
0.015
0.014
0.018
0.002
0.002
0.077
0.047

4.243
-4.437
3.2962
4.325
9.076
5.781
3.617
-1.595
-6.287
4.573
3.661
-4.843

P-Values
0.000
0.000
0.001
0.000
0.000
0.000
0.000
0.111
0.000
0.000
0.000
0.000

In regression using the simplest model is always preferred so the Rook weights model will be
used for the final results. The results from the rook weights regression show that all variables
are significant with the exception of the percentage of population older than 25 with a Bachelors
Degree or higher variable. The of population older than 25 with a Bachelors Degree or higher
variable is now not significant in the spatial rook model. It has gone from the 90% significant in
the OLS to just below the 90% mark. The variable for percentage of mortgages which were high
cost, which, as stated earlier, are the homes that were sold at a high cost, has a positive
coefficient value of .31 in the regression. This shows that families that received High Cost
Mortgages were more likely to experience a foreclosure. Median Household Value also had a
positive coefficient value of .042 in the Rook weighted regression and this helps answer an
earlier question of whether the cost of a home can impact the foreclosure rate. This clearly
explains that families that purchased their home at a higher value were at a greater risk of going
into foreclosure. The results for the next two variables will be the proportion of the population
that is Black or Hispanic. The proportion of the population that is Black has a positive coefficient
value of .019 and the proportion of the population that is Hispanic/Latino showed a positive
coefficient value of .085. Both Hispanic/Latino and Black families are shown to have a high
chance of experiencing a foreclosure. For the percentage of housing units owner occupied the
results were .049, meaning that the homes in which the owner lived in was also at a greater risk
of foreclosure. This variable could be used to help explain if investors that were buying homes in
order to flip them or rent them out might not of been at a great risk of foreclosure. Percentage of
the population older than 25 with a bachelor’s degree or higher had the following result of -.027.
This shows what the research has been saying, that those with an education and, therefore, a
possible higher income are at a much lower risk of going into foreclosure. The variable that
deals with percentage of parcels that are not built have the following result of -.013. This was an
expected outcome since a parcel with no household would not have a mortgage and, therefore,
would not be going through foreclosure. For the percentage of households built after 2000 the
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variable results were .008. This variable only shows a slight risk for percentage of households
built after 2000 going into foreclosure. The fact that this variable is showing a positive value at
all shows these homes are at a greater risk of foreclosure. The last variable is the percentage of
parcels with a homestead exemption which had results of .284.This result is odd since this is
showing that those with a homestead exemption are at a greater risk of foreclosure and has one
of the highest coefficients. When looking at the variable earlier it seemed as though those with
homestead exemption followed a pattern similar to other variables having a low risk of
foreclosure. This result will be examined closer when looking at the effects plots. Table 13 looks
at the percentage change of the coefficients between the OLS regression model and the Rook
weights spatial model. The table also shows all the variables and the significance level for each
model.

Table 13: Change in Coefficient between OLS Regression and Rook Regression.

Variable
CONSTANT
HIGHC
LGMVAL
LTBLACK
ASHISP
ASOOCC
ASPOP25
LGNOTBLT
LGAFT00
ASHS
SQASHS

OLS Coefficient
-0.534
0.377
0.051
0.025
0.103
0.055
-0.033
-0.014
0.007
0.284
-0.232

***
***
***
***
***
***
*
***
***
***
***

Rook Coefficient
-0.486
0.316
0.042
0.019
0.085
0.049
-0.027
-0.013
0.008
0.284
-0.227

% Change in
Coefficient

***
***
***
***
***
***
--***
***
***
***

*** 99% Confidence
** 95% Confidence
* 90% Confidence
--- Not Significant

As far as significance, all variables are significant at the 99% level with the exception of
percentage of population older than 25 with a Bachelors Degree or higher. Percentage of
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9%
17%
18%
24%
18%
11%
19%
8%
12%
0%
2%

population older than 25 with a Bachelors Degree or higher is significant at the 90% level in
OLS model, but not in the spatial model with a 19% change in coefficient. Most of the other
variables had a percent change between 10-20% with exception of the percentage of parcels
with a homestead exemption. Percentage of parcels with a homestead exemption did not
change at all as the square of the homestead exemption changed by 2%.
In Figure 43 is a map of the OLS regression residuals and rook regression residuals.
The residuals are mapped showing their standard deviation from the mean. We are looking for
areas that have rather small residual values or areas with large residuals values that are
clustering. As can be seen from figure 43 a few clusters in the OLS regression start to break up
in the rook weighted regression residuals. The difference however is not incredibly different then
the OLS regression. The map of the residuals from the rook weighted regression is not showing
too much in the way of clustering of over predicted (negative residuals) or under predicted
(positive residuals) values. There are about four tracts that are under predicting in the northern
part of the county. One tract in particular located east of the USF area under predicts, but all of
the surrounding tracts are over predicting. Significantly, this map is not showing any signs of
patterns similar to the OLS regression residuals map which further supports the spatial
regression model with the utilization of Rook weights as the better model to use for this analysis.
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Figure 43: Map of Spatial Regression Rook Residuals.
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Figure 44 shows a map of the difference between the OLS regression predicted values
and the Rook spatial regression predicted values. This map has interesting patterns on which
model predicts a higher foreclosure value. The tracts where the Rook predicts a higher
foreclosure rate seems to be in the very urban areas of the county. This includes most of
Tampa, Brandon, and even Plant City. Areas with a higher predicted value from the OLS
regression seem to be in more rural and developing tracts within the county. Tracts located in
Lutz, Carrollwood, Knights, parts of New Tampa, Summerfield, Gibsonton, and many more. This
figure shows that not accounting for spatial dependence may lead to misleading results from the
OLS and these misleading results do have a spatial pattern,

Figure 44: Difference between OLS Predicted Values and Rook Predicted Values.

To better understand how the interplay of factors may be related to high foreclosure
rates (those in the top tertile), Table 14 summarizes, variable by variable, how tracts which have
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high foreclosure rates and high values of each variable, are related to the other variables in
terms of their categorization into low, medium, or high values. For example, tracts with high
foreclosure rates and a high proportion of Blacks were first identified. The median values of the
other variables were then derived for these tracts and these medians compared to the original
low, medium, high categorizations of the variables. The category in which the median fell was
then reported in the table. This was repeated for each combination of high foreclosure rate and
high values for each of the variables.

Effects Plot from OLS Regression
“Effect plots” are useful in assessing the impact that variation in a variable has on the
dependent variable when all other variables are held constant at their mean value. These plots
are created in "R" using the OLS regression results. In Figure 45 we see the effect plot for the
proportion of the population that is Black and what is immediately noticeable is the sharp rate of
increase in the foreclosure rate once the proportion of the population that is black starts to
increase. When the proportion of the population that is black variable changes from zero to .1
the foreclosure rate jumps from .1 to .23. After this sharp rate of increase the foreclosure rate
continues to rise slowly as the proportion of the population that is black increases. Towards the
end of the graph a few tracts with a very high proportion of the population that is black causes
another sharp rate of increase in the foreclosure rate. The range for the foreclosure rate goes
from 0.1 to 0.35, a change of .25, as the proportion of the population that is black increases
from 0.0 to 0.9.
Figure 46 shows the effect plot for the proportion of the population that is Hispanic. The
plot shows similar results with respect to the regression as the proportion of the population that
is Hispanic increases as the foreclosure rate increases. The foreclosure rate increases from .18
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to .28, a change of .10, as the proportion of the population that is Hispanic increases from 0 to
.8. The rate of increase of .04 in the foreclosure rate occurs between 0 and .2 for the proportion
of the population that is Hispanic and this is where a majority of the distribution is also located.

Figure 45: Effects Plot for Proportion of Population that is Black.

Figure 46: Effects Plot of Proportion of the Population that is Hispanic.
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The change in the foreclosure rate for proportion of the population that is Hispanic is half that for
the proportion of the population that is Black. The graph then shows a steady climb in the
foreclosure rate as the proportion of the population that is Hispanic increases. The effects plot in
Figure 47 shows the variable percentage of households with Homestead Exemption and
the results of this plot show that when tracts have a low value for percentage of households with
Homestead Exemption (between zero and .4), the foreclosure rate increases. The rate of
increase of the foreclosure rate increases slightly from around .21 to .25. There are a total of 22
tracts with values below .4 that seem to be causing the increase at the beginning of the plot.
These tracts can be seen in Figure 48, which are the locations most likely responsible for the
positive value within the regression results. Once the percentage of parcels with Homestead
Exemption value reaches .4 the foreclosure rate begins to decrease as the percentage of
parcels with Homestead Exemption value increases. When the percentage of parcels with
Homestead Exemption value reaches .6 we see a decrease in foreclosure rate as percentage of
parcels with Homestead Exemption continues to increase. This is also where the majority of the
distribution of the data can be found. This data shows that tracts with very high percentage of
parcels with Homestead Exemption values tend to rapidly decrease the foreclosure rate.
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Figure 47: Effects Plot of Percentage of Parcels with Homestead Exemption.

Figure 48: Percentage of Parcels with Homestead Exemption Tracts with values below .4.

Figure 48 shows tracts that have below a .4 value for percentage of parcels with
Homestead Exemption and are the tracts responsible for the increase in foreclosure rate in the
effects plot in Figure 47. These tracts are showing interesting patterns and are clustering in
different parts of the county. At the very north of the county we have a tract located in New
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Tampa. This area has a high proportion of the population that is black, low percentage of
population older than 25 with a Bachelors Degree or higher, low estimated median household
value, and yet a high estimated household income. The low percentage of households with
Homestead Exemption value for this area is not related to the age of the neighborhood since the
values for percentage of parcels not built and percentage of parcels built after 2000 are very
low. The USF area also has a cluster of tracts with low percentage of parcels with Homestead
Exemption values that are causing a increase in foreclosure rate. Some of these areas, such as
Sulphur Springs, have a higher percentage of parcels with Homestead Exemption value yet a
much higher foreclosure rate. Of course, other variables such as percentage of high cost
mortgages, percentage of population older than 25 with a Bachelors Degree or higher,
estimated household income, etc. could be overshadowing any impact the percentage of
parcels with Homestead Exemption may be having on the foreclosure rate. Some tracts within
the cluster found in the Brandon area are where you could find newly developed communities.
These show similar signs as those in the southern part of the county located around Apollo
Beach and Summerfield. Here, you have newer communities with low, but increasing
percentage of parcels with Homestead Exemption values yet a very high foreclosure rate. This
might help explain the rate of increase for the foreclosure rate early in the percentage of parcels
with Homestead Exemption's effects plot and then the change to a overall decrease in
foreclosure rate over the rest of the effects plot.
The next effects plot shown in Figure 49 shows the change in foreclosure rate compared
to percentage of high cost mortgages. The effects plot shows a very constant rate of increase in
foreclosure rates as the value for percentage of high cost mortgages increases. The distribution
of the tracts is focused between .05 and .15. The foreclosure rate over the range of the effects
plot changes from .19 to .27 with an overall increase of .08. There are no sharp changes in the
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increase of foreclosures as the values for the percentage of high cost mortgages increase
similar to the results we have seen from some of the other variables.

Figure 49: Effects Plot of Percentage of High Cost Mortgages.

The next effects plot looks at the percentage of parcels built after the year 2000 and its
effect on foreclosure. The this can be seen in Figure 50, which shows the percentage of parcels
built after 2000's distribution to be mostly around zero to .1. Within that small increase in
percentage of parcels built after the year 2000 the foreclosure rate increases from .16 to .22.
This is a .06 increase in the foreclosure rate for just a .1 increase in the percentage of parcels
built after 2000 variable. Then from .1 to .4 increase in percentage of parcels built after 2000
value we see a rate of increase for foreclosure of .01 and only a .01 increase for the rest of the
plot even though the range from that point for percentage of parcels built after 2000 goes from
.4 to 1. The foreclosure rate changes from .16 to .24, an overall change of .08.
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Figure 50: Effects Plot of Percentage of Parcels Built After 2000.

In Figure 51 is the effects plot for estimated median household value. The range for the
foreclosure rate goes from .15 to .27, a change of .12. The biggest rate of increase for the
foreclosure rate happens when the value for estimated median household value is between 0
and 100,000 where the increase is from .15 to .2, a .05 increase. Then from 100,000 and
200,000 the foreclosure rate increases another .04. This is where a majority of the distribution
can be found. From that point up the foreclosure rate only increases another .03 as the
estimated median household value goes from $200,000 to $450,000.
The effects plot in Figure 52 shows percentage of parcels not built. The effects plot
shows an overall decrease in the foreclosure rate from .28 to .18 a drop of .1. The majority of
the percentage of parcels not built tracts are distributed between 0 and .2, where a drop in
foreclosure rate is by .08.
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Figure 51: Effects Plot for Estimated Median Household Value.

When the variable percentage of parcels not built is between 0 and 0.1 there is a rate of
decrease of .06 in the foreclosure rate. This means that from that point the foreclosure rate only
decreases another .03 as the value for percentage of parcels not built goes from .1 to .8. This
shows that any tract where the value for percentage of parcels not built is present the
foreclosure rate will decrease rapidly and then even out. This is expected since this variable is
offsetting the way in which the foreclosure rate was produced by using the total number of
parcels in a tract. So in tracts with many parcels that have yet to have a home built the
foreclosure rate could be deflated. If a tract had only 20 parcels and 5 were foreclosed on there
would be a 25% foreclosure rate for that tract. Now if 10 of those parcels have yet to be built the
true foreclosure rate should be 50% for that tract since only 10 parcels that had housing would
be the only ones at risk of foreclosure. This could explain the big rate of decrease on the effects
plot between 0 and .1.
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Figure 52: Effects Plot for Percentage of Parcels Not Built.

Figure 53 shows the effects plot for percentage of parcels that are owner occupied. As
the percentage of parcels that are owner occupied increases from 0 to 1 the range for
foreclosure is .18 to .25 with an overall change of .07. Between 0 and .2 for percentage of
parcels that are owner occupied the rate of increase in foreclosure is .02. Then between .2 and
.8 the foreclosure total increase is only .03. As the values for percentage of parcels that are
owner occupied gets above .8 the rate of increase is again .02 up until 100 percent. So within
the effects plot an initial increase is seen followed by a steady rise over the majority of the
distribution and then another sharp rise towards the end of the graph.
The next effects plot for the variable percentage of the population above 25 with a
Bachelors degree or higher can be seen in Figure 54. The foreclosure rate decrease for this
variable from .24 to .2 a .04 drop over the whole distribution. Between 0 and 20% the rate of
decrease is .02 and from 20 to 80% the rate of decrease is also .02. The initial decease is
evidence that once a percentage of the tracts population is educated the foreclosure rates begin
to decrease. The effects plot also shows that a straight line can be drawn horizontally through
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the plot without crossing the confidence lines. This shows as the regression did that the variable
was not significant.

Figure 53: Effects Plot of Percentage of Parcels Owner Occupied.

Figure 54: Effects Plot of the Percentage of the Population above 25 with a Bachelors Degree or
Higher.
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In Table 14, The first column represents the proportion of the population that is Black
and shows the values of all the variables in tracts that have a high proportion of the population
that is Black and a high foreclosure rate. HCMs are the only variable within these tracts that
have a high value. All other values are low with the exception of percentage of parcels not built
which has a medium value. The second column which represents tracts with a high proportion
of the population that is Hispanic and high foreclosure rates also only sees a high value for
HCMs. Where we have tracts with high foreclosure rates and a high percentage of parcels with
homestead exemption those tracts show high values for proportion of the population that is
Hispanic, median household value, and percentage of parcels with high cost mortgages.

Table 14: High to Low Values for Variables when compared to High Foreclosure / High Variable
Tracts.

Percentage of parcels not built and percentage of parcels built after 2000 tracts have low values
which could possibly be due to the waiting period required before you can get a Homestead
Exemption. Tracts with high estimated household income and high foreclosure rates show high
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values for percentage of population older than 25 with a Bachelors Degree or higher, median
house value, percentage of households owner occupied, and percentage of parcels built after
2000. They also show a low value for percentage of high cost mortgages. For tracts with a high
percentage of Not built on parcels there are high values for proportion of the population that is
Black, percentage of parcels built after 2000, percentage of high cost mortgages and low values
for percentage of parcels owner occupied, median house values, and percentage of households
with Homestead Exemption. Tracts that have a high percentage of the population older than 25
with a Bachelors Degree or higher and high foreclosure rates show high values for estimate
household income, median household value, and percentage of parcels built after 2000.
Percentage of high cost mortgages and percentage of households with Homestead Exemption
are the only low values. Tracts with high median house value and high foreclosure rates show
high values for estimated household income, percentage of population older than 25 with a
Bachelors Degree or higher, percentage of households owner occupied and low values for
percentage of parcels not built. Tracts with a high percentage of owner occupation and high
foreclosure rates show high values for two other variables: proportion of the population that is
Hispanic and estimated household income, and medium values for all others. Tracts with a high
percentage of parcels built after 2000 variable and high foreclosure rates have high values for
proportion of population that is Black, estimated household income, median house value, and
percentage of high cost mortgages, but a low value for percentage of households with
Homestead Exemption. Finally, tracts with a high percentage of high cost mortgages and high
foreclosure rates had high values for only proportion of population that is Black and Hispanic
and low values for percentage of households with Homestead Exemption, estimated household
income, percentage of population older than 25 with a Bachelors Degree or higher, and median
household value.
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Discussions

The results of this research have allowed for a better understanding of the foreclosure
problem that affected Hillsborough County towards the end of the last decade. The social,
demographic and housing variables within the regression-based analysis showed a strong
relationship to the foreclosure rate. The discussion below will focus on the impacts of race,
financial and educational factors, and then other factors included in the analysis.

Racial Impacts on the Foreclosure Rate
This study has show that race is an important factor affecting the foreclosures. The
results show that census tracts with higher proportions of their population being Black or
Hispanic were at higher risk of foreclosures occurring. As seen from the effects plots, this is
more pronounced for census tracts with higher proportions of people of Black race than those
with higher proportions of Hispanic/Latino ethnicity. These results are in line with those found in
past research, such as Lanzerotti (2006), Leonard and Murdoch (2009), and Laderman and
Reid (2008). Further investigation showed that those areas with high foreclosure rates and high
proportion of the population that is Black also had high values for percent of high cost
mortgages, low estimated median house values, low estimated household income, low percent
of the population above 25 with a Bachelors degree or higher, and low percent of parcels with
Homestead Exemption. Those areas with a high foreclosure rates and high proportion of the
population that is Hispanic had high values for percent of high cost mortgages, low estimated
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median household values, and low percent of the population above 25 with a Bachelors degree
or higher. The majority of Hispanic and Black residents are located in the neighborhoods of
Town-N-County and in Central Tampa, North of downtown. These tracts possibly have been
targeted by lenders selling high cost mortgages. Lanzerotti (2006) had a similar finding in three
California counties, and Leonard and Murdoch (2009) also noted that more subprime mortgages
go to minorities than to Caucasians. The census tracts that had a high value for both
proportions of the population that were Black and Hispanic, but low foreclosure rates, generally
had low to medium levels of high cost mortgage values. In these areas there were similar
values for the other variables discussed in terms of the high foreclosure rate/high proportion of
the population Black or Hispanic census tracts.

Financial and Educational Impacts on the Foreclosure Rate
The percent of high cost mortgages within Hillsborough has been shown to increase the
overall foreclosure rate for a tract and as discussed in the previous section these types of
mortgages were more prevalent in census tracts with high minority populations. This study also
shows that household income and the percentage of the population above 25 with a Bachelors
degree or higher values were both low in a majority of these census tracts. It is possible that
many of these banks based their lending off of these type of variables, which they felt reduced
risk of a foreclosure. Drennon et al. (2010) noticed a relationship between a family's income and
the type of loan they received. Bocian et al. (2010) pointed to evidence that lower income
families received "teaser" rates that didn't consider the borrower's ability to pay the mortgage
and that minorities made up a disproportionate share of these types of loans. They noticed that
Black and Hispanic borrowers were 30% more likely to receive high cost mortgages then their
White counter parts with similar characteristics and they felt that these loan characteristics were
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the most important predictor of foreclosure. The research and analyses of this study seem to
lend support for this view as well as agreeing with the research of Lanzerotti (2008).
The percentage of the population above 25 with a Bachelors degree or higher and
median household income also played a significant part in the neighborhoods and census tracts
discussed above when related to race, and in regards to foreclosures overall. The regression
analysis showed that as educational level, as measured by the percentage of the population
above 25 with a Bachelors degree or higher, increased, census tracts tended to fare better in
terms of foreclosures. Neighborhoods that showed low foreclosure rates and high levels of
education included South Tampa, Carrollwood, and parts of Lutz. Interestingly, even though
higher education levels appear to reduce foreclosure rates, certain tracts with high levels of
education did experience high foreclosure rates. These tracts were located in the very North of
Hillsborough County in New Tampa, and this stimulated further investigation. These tracts all
had high median house values, high median household incomes, high percentage of parcels not
built, and high values for percentage of housing built after 2000. Since we know that higher
education levels and higher income levels tend to reduce the risk of foreclosure (Malkova,
2008), this focuses attention on these other variables. From an anecdotal analysis of the raw
data for these areas, it seems that the homes in these areas were often sold at the peak of the
housing boom and most likely were at a much higher risk of foreclosure once the equity of these
homes dropped precipitously soon thereafter. Homes sold during this time would of had a high
median house value and would help explain why so many census tracts with high median house
values also have high foreclosure rates. The tracts with very high median house values and
high foreclosure rates all contain high values for the percentage of parcels built after 2000. This
relationship with newer homes could be explaining a unique pattern between the cost of a home
and the year it was built. Many of these homes would of been built during the housing boom and
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lenders could charge more for the property at that time. The percentage of parcels built after
2000 will be discussed further within the next section.

Other Impacts on Foreclosures
The percentage of parcels built after 2000 adds an interesting variable into the
discussion of foreclosures. As stated in the previous section homes built after 2000 during the
housing boom were typically sold at the current market value. These values were much higher
at the time due to the demand and the ease of receiving a loan from the bank. It was noticed
that these tracts with high percentage of parcels built after 2000 were generally found in the
more suburban, and even exurban, parts of the County. Also census tracts with a high
percentage of parcels built after 2000 and high foreclosure rates tend to have high values for
proportion of the population that is Black, median household income, median house value, and
percentage of high cost mortgages. Three of these variables increase the chance of a
foreclosure and one decrease it. Many of the proportion of Blacks that moved into these areas
could of been of the lower-middle or middle class explaining the high median household income
we notice within these census tracts. Median household value and percent high cost mortgages
in these areas prove what was stated earlier in the paragraph about the cost of these new
homes and the banks approach to lending. These urban sprawl census tracts seemed to have
attracted many minorities in the hopes of owning a home. Proportion of the population that is
Black is known to cause high foreclosure rates and is shown to be related to the percent of high
cost mortgages from the previous section. This could also help explain why we see a high value
for percent of high cost mortgages in these tracts. The percent of homes built after 2000 with all
the other variables held constant increased the foreclosure rates vary slightly, but once you
understand some of the other variables that seem related to these tracts it is not surprising we
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have witnessed very high foreclosure rates there. This could reinforce research such as Allen
(2011) which showed that homes built after the year 2000 were at high risk of foreclosure and
Ballentine, et al. who showed a majority of homes built after the year 2000 were eventually
foreclosed upon. The level of owner-occupation in a census tract has also been show to impact
foreclosure rates. As noted in the analysis, as the level of owner-occupation increased so did
the foreclosure rate. This could possibly mean that within these census tracts purchased homes
where rented out, which could reduce the risk of a home going into foreclosure. The speculation
here is that those that could afford to invest in real estate were not at a high of a risk to begin
with. This could prompt further research as none of my research discusses investor owned
properties and their likelihood of experiencing a foreclosure. Census tracts with high levels of
owner-occupation that also had high foreclosure rates often had high proportion of the
population that was Hispanic and medium values for all the other variables. This further
complicates what risk factors homeowners may have when it comes to foreclosure. Since a
majority of the values of the variables within those tracts are medium it becomes difficult to
determine which variable might be a leading cause of the problem.
Discussing the percent of parcels with Homestead Exemption revealed that for those
census tracts with a Homestead Exemption in place had a lower risk of foreclosure. The effects
plot on the other hand showed that when percent of parcels with Homestead Exemptions were
well below the median of percent of parcels with Homestead Exemptions the foreclosure rate
would increase. Then as the percent of parcels with Homestead Exemption value approached
the median value of a given tract the foreclosure rate would drop. This could be due to the wait
time required before a homeowner could receive a Homestead Exemption. So initially percent of
parcels with Homestead Exemption values were low the foreclosure problem would increase,
but once the Homestead Exemption values within a tract got high enough the foreclosure rate
began to decrease as the level of homestead exemption increased. The census tracts causing
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this oddity was mentioned earlier in results. Something these tracts have in common is that they
are all relatively new developments. One located in New Tampa, some in Brandon, Apollo
Beach, and Summerfield. There were a few tracts where the percent of parcels with Homestead
Exemption values and the foreclosure rate were both high. These census tracts had high values
for percentage of high cost mortgages, medium-high median house values, high proportion of
the population that is Hispanic, low percentages of parcels not built, and low percentages of
parcels built after 2000. A majority of these tracts where located in Town-N-County where the
percentage of high cost mortgages and high proportion of the population that is Hispanic can be
found. It is possible that those within this area received high cost mortgages and were unable to
get by long enough to receive the Homestead Exemption tax relief. Once the housing market
crashed and the equity in these homes decreased many may have seen an increase in their
monthly mortgage premiums. It is also noteworthy that some homeowners may have been laid
off from their jobs causing further economic problems. Not much research has been done
regarding Homestead Exemptions and foreclosure due to perhaps the fact that Homestead
Exemption tax relief is only found within a few states and those states have different rules than
Florida.
Both the formal data analysis and anecdotal evidence concerning the foreclosure crisis
that occurred in Hillsborough County, FL seem to indicate that very high foreclosure rates
tended to occur in two broad types of situation, albeit with variances to these patterns in
individual tracts. Two census tracts which seem to be exemplars of these two broad situations
are tract 11 in Sulphur Springs and tract 92 in Cory Lake Isles(New Tampa). These two tracts
both have high foreclosure rates, but their socio-demographic characteristics are very different.
These tracts were compared based on the median value of each variable overall that can be
seen from the scatter plots. For the variable percent of high cost mortgages Tract 11’s value
was well above the median, but tract 92's value was below. For percentage of parcels built after
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2000 tract 11's value was below the median and tract 92's value was far above. They both were
located around the median for the proportion of the population that is Hispanic, proportion of the
population that is Black, and percentage of parcels not built. Both tracts were below the median
for percentage of parcels owner-occupied and percentage of Homestead Exemptions. Tract 11
was below for median house value, median household income, and percentage of the
population above 25 with a Bachelors degree or higher while tract 92 was above on all of these.
Tract 92 in Cory Lake Isles is a new development with many lots not yet developed. This can be
seen by the very high value for percentage of parcels built after 2000, which could also help
explain the low percentage of Homestead Exemptions in this area. Given the high values for the
percentage of the population above 25 with a Bachelors degree or higher and median
household income, the population of this tract would appear to be of fairly high socio-economic
status. The values for percentage of high cost mortgages and percentage of homes that are
owner occupied are low for tract 92. This census tract is a good example of census tracts
located in New Tampa which have high foreclosure rates, where we see high percentage of
parcels built after 2000 values and high median house values as the only two variables with a
negative impact on the foreclosure rates. This phenomena was partly alluded to in the research
of Ballentine et al. (2009) where they concluded that older homes, like those found in tract 11,
tend to be cheaper and more affordable than more expensive homes typically found in newer
developed areas such as tract 92. Tract 11 on the other hand shows all the normal signs for
high foreclosure rates similar to other tracts just north of downtown Tampa: high percentage of
high cost mortgages, high proportion of the population that is Black, low median household
income, and low percentage of the population above 25 with a Bachelors degree or higher.
These two tracts therefore epitomize the two common types of tracts within Hillsborough County
that, for different reasons, seemed to have been at high risk of foreclosure. It is my opinion that
different sections of the county have different circumstances when it comes to what variables
are related to high foreclosure rates. Those newly developed tracts in the northern and southern
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part of the county do not have the common foreclosure related variables that are known for
causing foreclosures. They seem to be going into foreclosure for different reasons than those
located in the central part of the county. Foreclosure is best studied in a tract by tract manner in
order to best determine what measures could be taken to help decrease it. An overall picture
only seems to give us an idea of major causes such as the percentage of high cost mortgages,
but it will not solve foreclosure problems in many of these newly developed, more expensive
neighborhoods.
Even though this study attempts to discover the causes and effects on foreclosure rates
it does have its limitations. One such limitation was the lack of a significant income variable
within the regression model. Income has been shown to be an important predictor of
foreclosures within many studies. Wardrip and Pelletiere (2000a, b) noticed areas with high
levels of poverty were at a greater risk of foreclosure. Ballentine et al. (2009) and Bocian et al.
(2010) noticed similar results within their data. So having income data that could of been used
directly within the model would of been nice. Another limitation could be working with tracts.
Hillsborough county tracts are all different sizes making developing weights difficult for spatial
regression. Some tracts within the county are very small with many neighbors while others can
be rather large with few neighbors depending on their location within the county.
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Conclusions
In conclusion, the analysis presented in this thesis for Hillsborough County is similar to
previous research elsewhere in how foreclosures are associated with the various sociodemographic data and housing factors. High cost mortgages were found to be present in many
minority neighborhoods where there was a high proportion of the population that is Black or
Hispanic. This could help reinforce past research of lending practices within minority
neighborhoods and the overall foreclosure risk minorities endure. The results also show areas in
Hillsborough County where a majority of the homes built after the year 2000 showed signs of
foreclosure similar to past research. Just as in the research these tracts showed high home
values. Also common within the research is that education and income have been demonstrated
to help protect families from foreclosure.
This study does however have a few unique findings not found within the research. One
such finding is the impact homestead exemption has on the foreclosure rate. This variable is not
widely studied due to the fact most states do not have homestead exemption laws. Those that
do have homestead exemption tend to have different requirements or benefits. This variable
showed to impact foreclosures within Hillsborough county very uniquely. It was noticed to first
increase foreclosures us the value increased to then decrease foreclosures once its value hit a
certain point.
In the future this study's methods could be used in other counties within the state or
around the country. Comparisons could be made county to county to see if different sociodemographic and housing factors are similar or dissimilar. Further research could be performed
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at different scales, such as at the block group level, to see if those results are consistent with
those found in this paper. What needs to be understood is that these social-demographic and
housing factors effect foreclosures. Due to these findings laws and/or regulations should be
enacted to help those areas most in need. This could be accomplished at the city, county, state
or even federal level. Also, the lending practices of banks should be addressed as a high
majority of the homes in Hillsborough County that went into foreclosure were due to High Cost
Mortgages. Further research should be conducted in this area to try to better understand ways
to reverse this trend. Other research could look into the difference between owner occupied
homes and those purchased by an investor in order to rent. This would help local officials
determine if real estate investors cause a negative effect on the foreclosure rates. Finally
research into the positive effects Homestead Exemptions seem to have within the State of
Florida on foreclosures. Possibly compare Florida's Homestead Exemption laws with other
states that have similar tax breaks in place.
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